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The role of the classroom teache: becomes increasingly demanding and complex as we understand

more about how people learn and as tested technologles become ,,avallable I:eamlng 1s a hlghly

the structure; andfex,perlences, and,the means he or she may rieed to understand and 1ntemallze
new information. It is incréasingly important that students be provided with a variety of inStruic-
tional resources that 1ncorporate multiple learning styles and modes of interaction. This multi-

p11c1ty of resources increases the probablllty of a match between what is available and what the

learner is seeklng The compvter provides a var1ety of mstructlonal strategles and delivery modes, -
, and can be a useful and exc1t1ng means for expandlng leamrng opportunltles

has continued to drop dramat:cally In lact complete “home computers ' offer | programs ranmng
from anthmetlc tutorlng and b10rhythm charts to simulated science 1ab experiments and com-

puter based games such as Star Trek. These computers are broadly available for modest costs that
are usually less than the cost of color TV sets. The implications for educat10n are 1ntr1gumg In
five years, the same computer capability w1ll undoubtedly be notebook=size—or smaller like hand
‘calculators are today:

The challenge to the classroom teacher who ant1c1pates the ut:hty of such technology is ‘to

become familiar w1th it and to learn to incorporate it effect1vely in his or her subject matter
areas. How can_ teachers determine which of the many instructional units avallable are appro-
priate and useful for their students to expenence'7 .

Th:s book deals with these concems. It is 1ntended for upper eleentary and secondarv
teachers in all subject areas: It prbvrdes a practical gaide to determining the appropriate applica-

v tron of computer technology and to the selection of spec1ﬁc sub_|ect -related computer based in-
striiction units. The 1eader will become acquainted with the rudiments of computer hardware,
computer programming languages, the different roles the computer can play in InStI‘UCthll and
how the computer can be used in several different curriculum areas for evcmlatrng and selectlng
application units for instruction:

Development of this book by the Northwest Regronal Educatlonal Laboratory was spon-

sored by the Nationa! Institute of Education as a part of its continuing commitment to the
sponsoring of research that results in the improvement of education through the application of

modern technology. !

Richard B. Otte )
Education Technology Specialist
National Institute of Education
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_ The two basic components of any computer system are the computer’s physical equipment and

o

A COMPUTER SYSTEM: HARDWARE + SOFTWARE
TO THE USER

the computer programs: The physical equ1pment is-hardware and the programs are software.

Hardware !
As 1llustrated in: Flgure 1-1, the main pleces of hardware i ;n a computer system are;

INPUT/OUTPUT DEVICE
COMPUTER
AUXILIARY STORAGE DEVICb

. é .
The mput/output device; or termmal (commonly a teletypewrlter as plctured in Flgure 1= 1)

is used for communicating with the computer; both to input information and to receive informa-

tion the computer prints out. The computer itself {called the Central Brocessing Unit; or CPU) is
often located some dlstance from the mputloutput termmal All CPUS mclude w1thm the1r own

——————

5‘1ocated extemaily in aepérate auxiliary storage devices such as the dlsk drive in Flgure 1=1.

FurtHer on in this section we will look more closely at different kinds of terminals and auxiliary .

- Storage devices and at CPUs of various sizes and capabllltles

e
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: . ? ' L : o
. B
, %rking §io'raga B
2
Y S R il AUXILIARY
_ INPUT/OUTPUT DEVICE = COMPUTER (CPU). _ _ STORAGE DEVICE
Figure 1-1. Computer hardware. _— v ) -
: 2 / , _
~Two Types of Software N - e
_ The software cr programs of a computér system are 32ts of i’nstructidn.s that tell the com-
puter what to do. There are two general types: . : Co .

’ COMPUTER’S SOFTWARE SYSTEM (programs directing the computer’s basic operations
and general functions) , S L o :
USER’S PROGRAMS (prograrns instructing the computer in specific applications) -

Examples of the two types of software are listed in Figure 1-2:
L SYSTEM. : LSER-S PROGRAMS, ;
. ARITHMETIC OPERATIONS PROBLEM-SOLVING -
LOGICAL OPERATIONS STATISTICAL ANALYSIS
PROGRAM SEQUENCING TUTORIAL
ERROR'CHECKING - DATA PROCESSING _
CQ'NTROL PROCEDURES BAnL .
) . ) GAMES - . )
I N, S _ . _ o
Figuré 1~2: Two types of software: :
5
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The computer s software system is usually developed and wrrtten by the manufacturer It is

SO basrc to the computer s operatlon that it is included when you buy a computer, and a§ soon as

the system_is installed it is put into computer storage, where it remains pefrnanently, to be called
on-and used continually by the computer :

i The system may include translator programs Wthh are desrgned to aid the user in expressing
problem proce\dures in programs. They are not always necessary for the operation of the hard-

ware, however, and are sometimes provided as options at extra cost. -

.. . . The user’s software; or progiams, may be obtained from various sources: a user, users’
groups the manufacturer or a software design f'rm They may be put lnto storage at- any tlme
and kept there for as long as desrred When you begm worklng wrth a stored program you srmply

re for use
, ?V'I’o get a quick prcture ofa complete computer system rmaglne Flgure 1-1 expanded so that"
¢ thé auxilidry storage device shows some of the ‘software stored iri it. (Remember that software
may be_ stored either in working storage within the CPU or in one or more separate auxiliary stor-
age devices, as shown in Figure 1-3.) ) o

Working

-l
y o ' L , AUXILIARY
INPUT/OUTPUT DEVICE .o COMPUTER iCPU) - STORAGE DEVICE

~ Figure 1-3. A Computer System: Input/output, CPU, and storage loaded with software:
» ’ .

-
In sectlons [specrﬁc reFrence] we dlscgss software in more aetall lncfudrng the toprcs of

getting and usrng programs and some_ elements of programs and programming languages. At this

. point, let’s turn our attention to the questron ‘of how we use the hardware to communicate with
the computer. :

Jst
<



—tn

Q

ERIC

Aruitoxt provided by Eic:

THE ESSENTIALS OF HARDWARE AND SOFTWARE ' 5
MODES OF eoMMUNieATiNG WITH A COMPUTER 7
P
mode. These lnvolve distinct processes and programs, and we will consider them one at a time.
lﬁféi&éfhé Mode
If you have worked througn one of the Sample Umts in this course you have already experl-
enced lnteractlve mode. The user has a dlalogue with the computer which is like a telephone
conVcrsatlon you communlcate somethlngL the computer responds; and the dlalogue goes on
""" 7 wahrates a typical interactive exchange.
From your experience with this mode you can see the advantages of direct interaction wrth
the computer lt probably allows the program to gulde y Su in what data to enter and when;
dllows for lmmedlate correctlon lfyou enter lnapproprlate data and lt provndes 1mmed|ate results

[nteractlve mode is very convenient and efficient for the user: It may; however, be expensive;

srnce it always entails considerable time for the computer to print out instructions (questions and

.

- Gt
— s WORKING -5 S

STORAGE <5
e

TERMINAL

AUXILIARY STORAGE

Figure 1-4. Using the computer in the interactive mode.
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A couple of
V'days!

GRANVILLE IN ARIZONA

(" Greut! I'l1 leave the key
 under the mat.
» Make yourself at home

/ QK. If you won't be
\ there, maybe I'll have
dinner with Fred and Jill.

i te“ them to

plan on it; Ip Tact,
Fréd wants 15 pick

you up. When wrll you get ln9 )

) SO I
Figure 1=5. Example of an interactive conversation.

answers) and additional time while the user thinks of and inputs his responses. With cost of inter-

active use ranging from 1¢ to 10¢ or.more per minute, cost can be an lmportant consideration

when evaluating an interactive unit.

The effciency and expense of lnteractlve mode ﬁrd a ready parallel in long distance tele-
phoning. There are less expensive ways to exchange information (e.g. by mail), but often the
need for imimediate information; or the need for back-and-forth exchange, makes-it ffie most
effective means of communicating. This iS especially true when orne response will depend on the
other’s previous response, as illustrated in the interactive conversation in Figure 1-5.

If Dan and Granville had relied on mail alone, it would have cost them less than long-

dlstance phonlng However it would bave taken a week or more to exchange the information;

and the day of Dan’s visit to Arizona would have come and gone before Granville’s first response
. could: reach Dan S mallbox 1n Florlda

with each response dependrng on a prevnous response mteractnve communication may well be

worth the cost. When time and interaction are not such pressing concerns, however, the more eco-

nomical batch processing mode may be preferable

Batch Processing Mode
Batch processing as a mode of commumcatrng wrth the computer is more like letter-wntlng

lt rnvolves gathenng together all your i mformatlon and entenng 1t or sendlng 1t off in one batch to

the user in one batch. An example of the sequence is shown in Flgure 1—6

In contrast to the immediate response characteristic of interactive mode; several hours or a

£
-
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<t

cPu AUXILIARY STORAGE

TERMINAL

[

N

iNPUT (IN ONE BATCHI COMPUTER PROCESSING OUTPUT LATER (IN ONE BATCH)

Fig;ﬂré i—’é. §ampie’ batch p’rocessing sequence.

day may pass before a batched set of data gets to the computer for processing and the batched

results are returned to the user. ) .

_ Because all decisions about what s to be sntered for processing have been made in advance,

~ the actual computer time it takes to process the batch of data is often a small fraction of the time

it takes to complete an interactive exchange with the computer. For this reason, batch is often
more economical. .- ' .

Comparing the Two Modes )
Advantages and Disadvantages ] , . :
The advantages and disadvantages of the two modeés are summarized in Figure 1-7:

Program Characteristics - o o ,
The characteristic difference between programs for the interactive and batch processing
modes can be summarized as follows: :

Interactive 'i’hlioiuig}}ouitirchqqtilqp?psi 17nte7f7actnoﬁBetweeﬁ user and program:
Batch . Beginning of run: user enters all data in a batch.
End of run: user receives all results in a batch.

~ {

|y
: ‘\) o
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INTERACTIVE AND-BATCH PROCESSING
ADVANTAGES AND DISADVANTAGES :

3 e —— E— -
LT EY

) |NTERACT|VE BATCH
- Advantages , Advahtégé" |
« User actively involved.’ "« Large volumes of data handled
efficiently.

» Immediate detection of errors ) .
in entries. - - Data can be saved and re-used;

. Instantaneous feedback: Relatively inexpensiva.
: . * Many users can process data
in a single batch.
Disadvantages

«User involvement is minimal:

. Relatively eéxpensive.

! . inefficient with large volumes
of data.

. M’a;é user time ithiVéd' « Delayed information on errors.

rrrrrr . May Vbe time Iag between entry
batch programs.: and results.

-« Data must be .reentered every
time the program is run:

Flgure 1-7; Sﬂmmary of advantages and disadvantages of the interactive mode and the batch process-

ing modes

Most computer-enhanced mstructlonal matenals are desngned to be mteractlve The active

mvolvement of the user with the computer and ‘the immediacy of feedback are sfrong motlva-
tional factors for students; in addition; the characteristic of leading a user from guestion to Yues-

tion (and answer to answer) makes interactive mode effective for many different instructional

purposes, including problem-sdlvmg exercises; drill; and tutorial lessons. An important exception

is in the area of business education and data processing instruction: Since most business and data
processing uses of the computer are in the batch mode, instructlon in thlS area is naturally batch-

_oriented. In any educational area, there are certain apphcanons for which otie mode or the other

_ is more effective: In general; an interactive program is best suited to learing situations in which

step-by-step progression and immediate feedback-are desirable: Wherever very large amounts of

data need to be processed and immediate results are not required (for example, in business educa-

tion and statistics courses), batch processing is usually more efficxent
Programs written for the batch processing mode can usually be rewritten as interactive pro-

grams, and in fnany cases the reverse is also true. Therefore; when an instriictor requires ome

mode of processing but wishes to use materials designed for the other, the program can usually be

o
44
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altered to suit the néed. The teacher must judge whether instructional advantage is altered or lost
in the exchange: '

THE HARDWARE OF COMMUNICATION °
\

Typlcally both 1nteract1ve and batch modes requlre the use of an mput/output device for com-
municating with the ¢ omputer.

In the batch mode, either interoctive or noninteractive mput/output devices (terminals) are
used to enter and f'ecelye data. The noninteractive terminals are usually referred to as “remote
batch“ termmals Most 'of them mclude two pieces of hardware: a punched card reader for in-
putting data and a line prmter for receiving the computer’s ouiput.

Most card readers accept either punched cards (iBM cards) or mark-sense cards* and w111

read and transfer electrcmcally to the computer the data from_the cards. A typical card reader
(a Data 100 model) is pictured in Flgure 1-8. :

iarger formats. :
Line printers; such as the Centronics model plctured m Figure 1-9 recelve and print out

com;iuter results vizry rapldly because they are designed to type an entire line at-a t1me rather

The most common interactive dev1ce the teletypewnter is usually equlpped with a paper

tape punch reader device, and the combination of typewnter capablhty and tape-readmg capabll-

ity make it_usable for batch mode: Batched mput can be punched onto paper tape and trans- -

mitted to the computer through the paper tape reader in one batch at the rather quick reading

speed of the reader device, as is illustrated in Figure 1-15 on page 16. Where the .paper tape

punch/reader is not available, however, the teletypewrz*er 1tself can be used to input batched data
*Mark-sense cards are those which are marked by hand using a pencil:

-

.
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Figure 1-9. Typ'ii::él llne p'rlnter
i

5

puter and typed out by the terminal’s typewriter device.

by the slower process of typmg the data on the teletypewrlter keyboard when the terminal is
connected to the computer. Using thls termmal output can be received in a batch from the com-

Input/Gutput Devices for Interactlve Mode

Several types of termmals are avallable for use in interactive mode. The most common are
d|splay terminal.

the various kinds of electric typewrlter terminals (including the popular Teletype) and the video

|
\

\

You : Vare probably already familiar with the specral electrlc teletypewnter called a Teletype
it is very much like the termmals used in telegraph offices and newsrooms. {ts main features for
\
i

Figure 1-10. A Teletype.
AN .

"

S 16
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THE ESSENTIALS OF HARDWARE AND SOFTWARE - . 1
interactive communication are (1) its typewriter keyboard and (2) its capability of printing out
the messSages you type as they are transmitted to the computer while typmg out the computer’s

messages to you. Other kinds of typewriter terminals can also print input and output and transmit ,

information to and from the computer Some have addmonal features, such as upper and lcwer
case letters and extra fast ‘printing capablllty. Flgure I-11 shows one of these.

This termmal uses heat to print on specral heat-sensitive paper and can print very rapidly and

quietly. The Computer Devices model in Flgﬂré 1-11 also. has the feature of belng small and -

llg,htWElght so that lt can convemently be transported

Figure 1=i2. A video display screen.

equipped to accept input from special devices called light pens, which look like regular pens but
hgyg gismall hght bulb at the tlp The user may input rrrforrpatlon by pomtmg ti)g lﬁligihtﬁpeqiqt

approprlate data on the dlsplay screen, such as a selected answer from a list of choices or a sec-
tion of a graph that is to be changed One advantage of the CRT in the classroom situation is its

v

e

{

<



12 . THE ESSENTIALS OF HARDWARE Aub SOFTWARE

much more qulckly on the CRT screen than it could be typed out by the electnc teletypewrlter

This is partlcularly true when the output is in the form of a graph. One dlsadvantage on the
other hand is- that once the output is erased from the display screen; it cannot be retrieved on
most CRTSs. ‘

Connectmg Termlnals to Computers

Batch terminals, like card readers and linie pnnters are most commonly connected by per-
manent wiring dlrectly to the central computer and need only be turned on to be connected to
the CPU for lnput or output operations interactive terminals; on the other hand, are usually con-
‘nected to the computer by telephone lines. The computer is dlaled on the telephone and when
the “answenng tone comes the recelver 1s placed in the specnal coupler devrce hooked up to the

correct code The comminication is ‘then estabhshed and the 1nput and output travel between
the terminal and the computer through the telephone lines: ‘

you are shanng the time of a compnter with other terminals, you usually can’t tell. The users’ pro-
. -grams are processed one at a time at very h:gh speed and the computer can normally handle )

-inputs and outputs in such rapid succession that no delay is experienced for any user; and the
user is not aware that he is sharing the time. Sometimes there may be a few seconds delay in the
computer’s response to your terminal, whrch may indicate that it was busy for those few seconds
" attending to another terminal:. : v

N

THE QUESTION OF COMPUTER SIZE _ b

Detalled aspects of computer size and type are frequent p01nts of- d1scussron,.pnmanly among

expenenced users. In selecting and speclfytng 1nstructtonal applications, however, a user need
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consider only a few of these when considering the relat1ve advantages of m1nlcomputers micro-
computers, and large computers.

Types of Computers Today

When f1rst developed mlnlcomputers were not only smaller physrcally than the conven-
tlonally used computers, but had much smaller computlng capabilities. At the present point
of development however, it is sometimes dlfflcult to deterrmne the dlfferencc between mini-

computers and conventlonar models because ‘minis”’ are performmg some tasks as well as the
larger machmes have done in the past. It is common today to identify minis by the amount of
information which can be contained. in each basic storage element (usually the equivalent of two
alphabetic characters) and to some extent by the expandability of working storage.:

M/crocomputers

A more recent development the mlcrocomputer (or mlcroprocessor), is the result of new
advances it miniaturizing electronlc circuitry. An entire CPU may now be puton a “chip. that sells
for $26 and is the size of your fingernail. Since mlcrocomputers can be sold vcry cheaply; kits of
components can be purchased for'a few hundred dollars; a school can buy one for students to
assemble themselves: Mlcrocomputers now lack -the soph1st1cated and proven software which has ‘
been developed and refined over the years for minicomputers, but that is changrng rapidly. A -
microcomputer with sufficient storage, expansion capability, and software could perform as well

as some minis.

"

Larger €ompurefs

- For the most part computers were (1 ) affordable only by organlzatlons with a great deal of com-
puter work to do and (2) locked up in rooms entered only by computer professionals: Users had
no d1rect contact with the large machrne Now, of course, minis and micros are often affordable
by small organlz‘é'tions schools, and even individuals. In addition, users may. galn access to the . -

mlnl- or microcomputer through a terminal or even dlrectly
‘Meanwhile, the larger machines ‘are still there and are still doing most of the work that is

‘done by computers n the ‘world: A large computer system can do a great deal more computer
processing than a micro- or minicomputer and can typically serve hundreds of more input/output
terminals srmultaneously than the smaller computers. ,

__ -Because of their greater cost it is not likely that small organlzatlons schools or individuals
will acquire a larger computer A sizable school district, though, may need enough computer pro-.

cessing to warrant buying a large central computer:

T/me-sharmg SVStems

ware to allow,more than one termmal to be served atthe same t1me by the CPU. Because of the
extremely high speed of operation, the computer’s response to a time-sharing user usually makes

.

I
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. and it often is composed of more than one computer (CPU). Hence, trme-sharmg systems yary in
sizé according to the type and number of- CPUs involved. A typrcal system based on a srngle
minicofaputer is commonly designed to handle up to 32 terminals s1mu1taneously Systems based

on larger €PUs or those using several CPUs, have been known to handle over 300 termnals
simultaneously. _ . R .

Three Important Factors of Size -
The pomt to remember in selecting and spec1fy1ng 1nstruct10nal appllcauons I not to make

any assumptlons about whether the computer can handle a given app11cat10n simply by virtue of

such. a labei as “‘mini.” ’I’he main questlon is, is the computer brg enough to run the programs you =
wish? Some of the relevant factors are: (1) interaction capablllty (2) number of terminals; and
(3 size of worklng and aux111ary storagc

gram. A mlnrcomputer with only one termrnal can still havé mteracuve capab111ty The niimber of

terminals fieeded to make a particular apphcatlon effective is sometrmes a questlon For example;

if you wish to prowde every studerit with arithmetic drill daily at a terminal, you will need many
terminals, and therefore a time=sharing system will be required to support them.

" The size of both work1ng storage (inside the CPU) and auxlhary Storage can be 1mportant
Every program requires some working storage each time it is run; the amount needed depends on ..
the length of the program. The existence of enough aux1]1ary storage to contain alarge t program

does not guarantee that working storage will be large enough to contain the program when you

wish to run it; but there are ways of dividing programs to get around this. Aux111ary storage isa- ~.

must for app11cat|ons whlcn are file-oriented; that is which need to store and/or rep‘ace large

amourts of data from.one usage of a program to the next: It is also required if it is important to

retain one or more" programs in storage rather than reload them each t1me Consequent]v, the
amount of auxiliary storage space available determines how many programs and ﬁles can be kept
Among the most common aux1lrary storage devices are the magnetic tape dnve which reads

data from magnetlc tape and thé disk drive; which reads data from disks resembling conventlonal

phonograph records. In both cases, the data are recorded onto the medium in the form of mag—

rietic spots and are read-by “read-heads” on the drive:
As you can See, then, computer size iS sometimes 1rrelevant and sometlmes crucral The

question of whether the computer to which you have access is big enough for your needs can best
be answered 1nd1v1dually for each nrogram by someone familiar with your computer fac111t1es
This person may be on the staff at the county school office or local district office, or wherever

the computer you use is located; in your own school; it may be another teacher; often a math

teacher. When you find computer-based 1nstructlonal matenals that are appropnate to your

needs, the expert will be able to tell you fa1rly quickly whether your computer is able to run the

program.

éisﬁii\ié AND UéiNé USER'’S PROGRAMS

. As you have seen; there are two types of software: the user’ 'S programs, wh1ch dir :he compu-'

ter in special applications, and the computer’s own software system (usually.su.  ~d by the
manufacturer), which. controls its basic operation. The sample programs included hc. are user
programs. - .
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User’s programs are of many drfferent sorts because there are so many fields in which com-

puters are used for such a wide vanety of purposes. People in busrness use computers to process
paychecks and billing statements; teachers use them to enrrch their curricula; sc1entlsts make
major use of them for calculatrng and predrctrng, libraries use them as catalogurng and retrieval
tools: and so forth: Specral programs are needed for each apphcatlon

Sources of User's Programs S o . . -
A user may wr1te ‘his own programs (1f he knows how) he may have an expert programmer

wrrte them or he may find suitabie programs that aiready exrst Computer manufacturers carry

extensive selectlons of user—or1ented programs and many ma_|or unrve‘tsrtres have computer
projects with collectrons of user materials.

As a teacher, you may obtain programs in any of these three ways. As a start you w1ll~
probably want to make use of the growing number of programs dlready available from other

sources. Available materials range in compieteness from the listing of a single program to a total

currrculum package, 1ncluding such support materral as a Teacher s Guide; Student Workbook; -
listing of the program, and’ sample runs. : =

In Part- III, Selecting Computer—Based Instructional Units, you will learn how to evaluate
and select the most useful programs and materials for your particular classes.

As a hasrs you will.need.to know some tundamental thlngs about user programs and how
yoii can get them into your computer. : :

o . P

Loading Programs into the Computer

When looking at computer-based application units, you will often see little more than a

program 11st1ng—-a copy of the ep—by-step instructions comprising the program itself.' A short

lrstrng 1s shown 1n Flgure l 14 T 1s of course, the basrs of any cumcular appllcatlon us1ng the

run (use) 1t either to evaluate it or to actually use 1t

10 REM THIS PROGRAM READS STUDENTS® :

. 80 REM NAMES AND GPA°S AND PRINTS SR
| 30 REM - AN HONOR LIST (spn ABOVE 3.5) -
40 DIM S$¢502 = , :
‘ 50 READ S$5G ‘ s
60 IF S$=“END' THEN 9999 - S

70 1F G<3¢5 THEN 90 : :
-80. PRINT S$»G . : y

90 _GO TO 50 : : !
9999 END . )

Figure 1-14. Example of a short program listing.

4

D

which is connected to ‘the computer' loading a punched paper tape; or loadrng punched or
marked cards.
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Figure 1-15. Loading a program from a paper tape into the comhuter. .

Load1ng a program by d1rectly typ1ng 1t in at the terrmnal can be costly, since you tie up
both a telephone line and the computer for the entire time you are typing. A less expensive way
is toread in a punched paper tape, using the tape reader on your Teletype; as illustrated in Flgure
1-15 or to read.in a deck of punched (or marked) cards, using a card reader. To do this, you must
first acqulre the punched tape or cards, or arrange to have the tipe or cards punched from the
program listing. Sometimnes the organization that supplled the program llstlng also supplles the -

' necessary tape or cards; which saves you a step. : v

Once loaded 1nto the computer the program can be stored* and called out whenever 1t is

or cards and reload the program each time vou use it: ) -

TRANSLATORS AND PROGRAMMING L LANGUAGES

Let’s 1qok again at the sample program listing shown in Figure l -14; reproduced in Figure 1-16.

This e)éanrple is a S1mple program written in a programming language called BASIC Even if you '
don’t know BASIC you cdn easily interpret and understand words like READ and PRINT in
'the program But computers cannot read and 1nterpret these words they can only work w1th

lated into the machrre language that the particular computer is wired to understand For example

the easily understood instruction “PRINT S$$, G” would have to be transiated intd machine lan-
guage before the computer could accept it. The translation mlght look someth1ng like this:

17 1028 001 ' . |
05 6666 - :
12 6666 ‘

*See pages 29-30; ““Where Is the Program?”,
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10 a;g Th£§ PROQRB&fRFﬁDS STUDENTS'
20 REM NAMES QQD GPA°S AND PRINTS
30 REMV 6@7HONOR LIbT "{GPA ABOVE 3.5)
40 DIM S$¢50)

- 50 ﬂEAl?i §§o G

60 1F S$a*gND“ THEN 9999

70 IF .B<3¢5 THEN 90 I

80 PRINT S$»6 . °

%0 _GO TO SO
| 9999 END ~

o Figure 1-16. Example of program listing: ’ )
3 : ' . — ~

The Translator Prograins i

A major part of the computers own software system is its collectxon of translators the '

programs that translate Engllsh-llke programming languages (whlch most users iise) into machine
language- (Wthh computers use). Humans can, and do, learn to write programs in machine lan-

guage, but it is a very tediolis process, and it is far easier to write programs in English-like
languages and let the computer’s trarslator do the trans]atlng As there are many dlfferent
_ programming languages; a computer may have numerous translators in its software system—one

for each user language the system can accommodate

s
09 4871 2775
14 2428021
o | 92
., 2. ol
- . f , _ ;‘7,
resy OSSN de
“TRANSLATORS
Q@i
Y}

-

Figure 1-17: Translators: Part of the computer’s own software. -

Users must know whether then computer has a translator for the partlcular language they

want to use; if not; they cannot load. and run a program. For example if you run acrosg a pro-

gram wr1tten in FORTRAN whlch you would like to use in your classes, you would first have to

find out if your computer has a FORTRAN translator. Even if it has not, you still may be able to -

- v

oy
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use the program it could be translated by an expert rnto a language for Wthh your computer

does have a translator. Many FORTRAN programs; for‘example; can be tewritten in BASIC

without much trouble and conversely, most BASIC programs can be rewr1tten in FORTRAN

~

. GeneraI-Purpose Programmmg Languages ) : )
- Each of the major fields ot computer us€é—business; sc1ence education— has 1ts ow_n partlcu-.

lar vocabulary and computatronal needs: For creatlng computer programs to satlsfy these needs,

there exist today numerous general~purpose programmmg languages; each with specific charac-

teristics that make it partlcularly useful in’ partlcular fields:: Along31de these languages; soni€

'h|ghly specrallzed languages have been developed for very spec1ﬁc areas of applrcatlon The fol- |

lowing pages describe some of the major general-purpose languages in use today and a few of the

$pecial purpose languages called author languages developed for educatlonal uses: _ .

The cominon general-purpose languages used in education are BASIC; COBOL and FOR-

’l‘RAN though several others are also encountered The fOIIOW1ng paragraphs give a brief descr1p- -

tion of the general charactenstlcs of each. It is important to note that while some oﬁfithiese

languagcs have been relatlvely standardized. (that is, there is some agreement on vocabulary and
,characterlstlcs), there are differences in details’ from computer to comptter, So that a program

written in standard BASIC (say) for one computer may requlre some changes to translate it for .

- use on another computer. The differences are most often found in such specral features as mathe-

matics functions and file-handling commands. Another factor to keep in mind is that each general-

purpose language may have several versions; each lncorporatlng special features, requlring differént

amounts of computer storage: ;

BASIC : e
The programs you Wlll encounter in computer-based curriculum units are most hkely to be

written in a language called BASIC (Beglnners All-purpose Symbohc Instruction Code). Devel- -

oped at Dartmouth; BASIC has come to be the most -universally used language for t:omp:uter-

based mstructlon it is easier to teach, léarn, and use than other languages, yet retalns much of

the power of the more mathematlcally oriented language FORTRAN,; and prowdes for €asy |

handling of input and output BASIC’ was designed for an interactive system and is often called @

conversational language, because the programmer can prowde for user interaction, while the pro—

gram is running, in the form of answering questions or prov1dlng data. This characteristic gives
the mstructlonal designer the chance to implement an mstructlonal d1alogue In general BASlG

allows for easy formating of output, an important characteristic when teachmg begmners to
progiam. '

COBOL
COBOL (COmmon Busmess 0r1ented Language), has been developed to meet the needs of

lnformatlon, produce reports, compute payroll ‘keep track of accounts recelvable and payable, ‘

monitor inventory, and so on: Computatlon is usually trivial— the simplest anthmetlc i§ generdlly
all that is needed. COBOL is well suited to this environment. It is designed to facilitate the for-

mating of reports, lists, dnd data summaries and the sorting and merging of large files of alpha-’
betical names; etc. as well as numerical data. It is a batch-oriented language, and a CGBGL pro-- .

gram expects data from punched cards, magnetlc tape, or disk files?

P
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FORTRAN.
The world’s most wrdely used programmlng language FORTRAN was desrgned prlmanly

as a screntlﬁc langtmge It is especlally suited to mathematrcal and scientific endeavors; ds the
name FORTRAN (FOanula TRANslatlon) suggests. It.has such special characteristics as trigo-

nometnc functlons to make programmlng and processmg involved calculation sequences faster

and more efficient. It requires from the programmer mofTe detailed defimtlon of desired output .

format than BASIC, and therefore it is more difficult to learn. Although frequently used on-line
frorh a terminal, it is not lnteractrve (a program cannot pause for user response“ to quest ons) and
is therefore not surted to dlalogue :

ALGOL
Another screntﬁrﬁcilanguage more frequently used in Europe than in thrs country, is ALGOL

(ALGOrithmic Eanguage): Its function is similar to that of FORTRAN and its purpose is better
suited to suentrﬁc cal’culatrons than to business resports.

PL/T.

A fairly recent development is the language PL/l ﬁrst 1ntroduced by IBM as an atternpt to-

combine the scientific features of FORTRAN and ALGOL with the fliiericy of COBOL. An addi-
tional feature is its versatility—it can be used with equal ease for interactive or batch processmg

PL/l gains greater acceptance in the computer profession year by year, although it is still fea-.

tured primarily on IBM cornputers';

. APL

4 of procedures ineither a blghly abstract; symbolic manner; for those who think in that manner, or

more verbose expression (as in BASIG) for those who prefer to work w1th words Thus it is a very

nice: tool for mathematics” and science. But it requires a special teriminal keyboard providing the

necessary symbols A smgle APL lrne can represent many lines of BASIC or FORTRAN. It is an
interactive language, not Suited to batch operation. Although designed at IBM, it is being used on
other computers

| .
&

LOGO
The LOGO language is designed especrally to facrlrtate the teachmg of mathematlcal con-

cepts It allows for- -expressing ‘computation and procedures in words; or strings of alphabetzc

characters ‘thus appearing particularly Engll.,h-llke Itis not as llkely to be chosen by a teacher to
program an appllcatlon for student use; because the purpose of LOGO is to teach students to

write programs themselves: It lends itself as a medium for dialogue, and is mteractrve it is not
useful for batch processmg As yet LOGO cannot be used on as many makes of computer as the

other general-purpose lariguages d1scussed above.
For a more detailed look at several of these general-purpose languages see Appendix I; Keys

to Recogmzmg General Purpose Languages. -

Author Languages S \
Author languages are ah e.»pecrally useful group for teachers. In contrast to general-purpose

languages .which are designed for strarghtforward input-process-output operatlons author lan-

guages are des1gned to guide the author in entenng less sons of all <1nds and to hardle the large

s

A Programming Language, APL, was des1gned to be ﬂexlble and to allow concise expression ’
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volume of verbal presentatlons and rcsponse° typlcal of 1nstruct10nal 1nteract|ons Before author

. languages were developed, a teacher using BASIC or FORTRAN might have had to use five or six
.lines of complex strings of coded quallﬁers and formatlng directives to enter a simple question in

a lesson. Author languages tvpically provide the author wrth brlef codes for presentmg instruc-
tional events and allow him to enter the desired verbal ‘material d1rectly W1thout compllcated and

t1me-consum1ng cod1ng efforts: Some of these languages promipt and guide the author in entering

his. sequence of instructional activities; 1nclud1ng‘.m'structronal statements, questions to be pre-

. sented, expected answers, appropriate responses branches and so forth, accordlng to the set
format of the language. .

An auihor cannot use an author language w1thout pnor st dy of the language and its requlre-
ments: Eike other languages author languages have syntax and a vocabulary (often symbolic)

wh:lch require t1me and expenence to master: A trained | programﬁer may be needed to interpret
the author/teacher s written lesson in the author language to be used
Here are brief descrlptlons of some of the more commonly used author languages avarlable

today: . . b

-

Coursewr/ter B )
One of the earllest examples of an author language Coursewriter, or1g1nated on IBM equlp- ,

- ment but has been transferred to some other brands. Ongrnally, this language was used to com-

puterlze programmed instruction materials; now, however, it is capable of incorporating_ ﬁlm. :
video, and audlo lnstructlon as well as pnnted material. One of the built-in featuresof this

author language is that lessons structured 'in Coursewnter automatlcally record student per-

PLANIT =
Smce PLANIT 1ncorporates a mathematical problem-solvmg language called CALC this

author language is most appropriate for authoring tutorial lessons involving problem-solvmg

Like Coursewriter; it is designed to keep records automatlcally of student performance for 7

_teacher reference. A notable characteristic of PLANIT is that it has been designied to be trans- -

ferable to most computers, regardless of manufacturer, with the creation of a small special
softwaré package to interface between the PLANIT language and the computer. PLANIT can be-

used; however; only with larger computers today, because of speC1al storage requ1rements a few

m1n1computers can hand].e the PLANIT language but as yet no mlcrocomputers have the neces-

sary capdcity: ~ :

.

PILOT
The PILOT Ianguage is an interactive author language which is easier to leam and use than

cither Coursewriter or PLANIT. As such, it has been used by elementary students to write story-

generat1ng programs. PILOT is also a versatlle author language in§ofar 4s it has been put in opera- ’

tlon on a wide range of computers, particularly m1n1computers -
IDF ,
Interactive Dialogue Fac111ty (lDF‘é@ras designed by the Hewlett-Packard COTRa'IY,SR‘"C‘ﬁ' s
cally for use on its minicomputer-based timesharing systems. As is the case wrth the other two
computer-specxﬁc author languages described bélow, DECAL and PLATO, IDF i3 made especmlly

easy to use because entenng’an 1nstruct10nal dialogue into the system is more a matter of respon-

P
a
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dlng to prompts from the computer than wrltlng a program. The authorlng facrllty stores the text
prov1ded and supplles an automatlc framework for presenting the lesson to a student and for
recordlng student progress.

CICAL
The Dlgrtal Equrpment Corporatlon author language DECAL opera u o‘r mrnrcomputer-

the author with prompts from the computer when lessons are being entered.

PLATO ' : :
Developed at the Umverslty of lllrnors under a large-scale grant flom the Natlonal Science .

' Foundatlon (NSF), PLATO is composed of a complete time-sharing system including a large com-
puter, authoring software; and terminals. The PLATO terminal uses a spec1a1 technology for the

screen; enabling computer output to be dlsplayed and photographlc slides to be proJected on 1t

simuitaneously from the rear. The terminal is used to prepare lessons as Well as to present them

to the student. Another feature is the capablhty of recording. a vocabulary in voice for con-
structlng dudlo responses and dﬁlrectlons in lessons. Control~Data Corporatlon now manufactures
and markets the complete PLATO system.

<

TIC€IT ' : s o

keys to 1nd1cate specrﬁc actlons Students use the same keyb6ard to mteract with a lesson and to
‘control their own paths through the material. For example it is the student’s decision how many

e

repetitions of a practice session are sufficient. TICCIT was developed jointly by MITRE Corpora-

tion and Brigham Young University and is now marketed by the Hazeltlne Company

3

Specual Software for Speclal Devnces _
Many different electronic devices can be connected to computers and operated by electromc

slgnals and it is desrrable to allow a user to control them’ through a program. Some devices par-

: tlcularly useful ln 1nstruct|ona1 settings are plotters and music generators. A plotter iS a small
’ _platform w1th a pen attached to an arm Wthh is moved over the platform according to pro-
.grammed 1nstructlons lt can be valuable 1n mathematrcs smence and art A related devxce is the

posmoned vertlcally in the center It camr be moved over a floor, table; or other surface in the

same manner as\the plotter pen on its platform Another special dewce is a video terminal with

graphrc capabrlltles ThlS enables a program to contiol the motion of a dot on the<§creen with re-

terition of the track of its motion, resulting in a picture. :
All siich devices require such special terms in the programmmg language as ELEFT,; RIGHT,

PEN DOWN; PEN UP for : a programmer to control them: If you wish to deslgn or acquire such

.applrcatlons you need to determine whether’ the language you have _available contiins ‘the com-

mands necessary to control the deV1ce you want. A language deslgned with spécific, allowance for
these functions is LOGO. Some manufacturers provide a BASIC with built-in plotter functions.

n
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THE ELEMENTS OF A PROGRAM

While you may never w1sh to become an expert computer programmer you may be called upon

to make a general evaluation of an 1nstruct10nal unit which is based on a computer program or to
interact with a programmer in developing your own computer-enhariced units. It will therefore be
useful to know how to get a.rough idea of what’s happening in the program.

First; ]et S rewew the functron of a computer program. A computer progiam is the means by
which a user communicates.needs to the computer in a systematic, step-by-step way. In order to

solve any problem; the computer essentially does only three things: it receives data as input, pro-

cesses the information, and outputs new information. Any computer program, written in any

~» OUTPUT

Figure 1-18: Input-process-output flow:

' language, can and must reduce the problem it deals with to these three fundamental elements

Once we 1dent1fy what is to be 1nput how it is to be processed, and what is to be output; we can

see the purpose of a program Qulte easﬂy
Let’s examine the very short BASIC program in Figure 1-19 below to identify each of the

30 INPUT XsY
E 40 LET S=X+Y
; . SO PRINT S

- - | 60 END

Figure 1-19: Simple BASIC program.

Input Instructlon ,
This program d1rects thé computer to add two numbers and pr1nt the sum. The mput in-

struction is easy to find in.a. BASIC program, since the word INPUT is used: The statement
“ 30 INPUT X, Y '

prov1des for the user to input (enter) data in the form of values for any two numbers which the

computer will call X and Y- ‘ . :

’
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Process Instruction -
The process instruction in this program is simply:

40LETS=X+Y

which tells thz computer to add the values for X and Y and call the sum S. Processrng informa-
tion usually involves some calculation or some rearranging of data, often (as-in this case) in the

form of one or more equations.

OUtput Instruction

The output instruction:
50 PRINT S
tells the computer to print out (on the teletypéwriter) the sum S which it has just calculated:.

Eind /ns tructror.

60 END

tine Numbers
The numbers 30 40 50 and 60 are line numbers and 1dentlfy or name each instruction in
the BASIC program. -

Comments
Programmers frequently 1nsert remarks or. comments ifi a program to make its purpose clear

to anyone who may be examining it. In BASIC such comments are identified by the word REM

(for remark) Read over the same simple BASIC program; th1s time with “remarks” added:

10 REM THIS 15 AN EXAMPLEs A
20 REM PROGRAM TO ADD 2 NUMBERS
30 INPUT X»Y

40 LET S=X+Y

50?;,PRINT L

60 'END_ .

Fiéure 1-20. Simple BASIC program with ;e"n’.aae statements:

Wlth the remarks added to the program, you can examine and determine its purpose. Many

programs have such helpful explanatory remarks, though the word used to 1dent1fy them will
vary from language to language.

_ A Program at Work

Let’s look now at how this p program works in actual practice.
First the program must be loaded into the computer. Let’s assume you.are usmg an electric

G
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typewrlter tenmnal and are loadmg the program from punched paper tape usmg the electnc type-

writer’s paper tape reader. As the program is loaded, it will automatically be listed on the electric

typewriter paper and will look like the listing below.

10 REM THIS IS AN EXAMPLE: A

20 REM PROGRAM TO ADD 2 NUMBE

30 INPUT XsY _
40 LET S=X+Y
50 PRINT S

60 END .

~ Once the program is loaded, you can direct the computer to execute it. On some computers
this is done by typing the word RUN after the program is loaded.

10 REM THIS IS AN EXAMPLE: A

20 REM PROGRAM TO ADD 2 NUMBERS
30 INPUT X5Y
40 LET S=X+Y

50 PRINT S

160 END L
RUN M s —

Nag”

When the computer executes the program, |t lgnores the- REM statement; then encounters

the INPUT instruction and types a question mark (?) to ask you to supply the two numbers as
input data. You then enter the two numbers from the terminal by typing them on the keyboard.

(The two numbers entered are underlined in the sample below *) -

10 REM TRIS IS AN EXAMPLES IX B
20 REM _PROGRAM TO ADD 2 NUMBERS
30 INPUT X»Y . 7

40 LET S=X+Y ,

S0 PRINT S { ,
60 END ' :

877

3t 2389,

Next, the compiiter processes the data (adds the two numbers) according to the lnétm‘ctlons
and prints out the new information—tite sum. . '

. "Througllqut this text, user entries on samples of runs are underlined so that you can readily see them. No underlin-

ing will appear, of course, when you actually interact with programs. ;

S

30
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| 10 REM THIS 1§ AN EXAMPLE: A

20 REM PROGRAM TO ADD 2 .NUMBERS
30 INPUT XY

40 LET S=mX+Y

50 PRINT S

.60 END

RUFI - L

Then it prints out the word DONE: The complete printout would look like this:

[

10 REM THIS IS AN EXAMPLE: A

S e 20 REM PROGRAM TO ‘ADD 2 NUMBERS
Pucram Soadil )| 30 INPUT XY

o papes opz $| 40 LET S=x+v
Som pepe e 50 PRINT S

60 END - ° -

Usa sntns RuR—Y|
Compiis Yypas ?-_:F RUN

Figure 1-21. Printout of program listing and run.

Con trol Instruct/ons .
Usmg this BASIC program; if you wanied to add two more numbers , you would have to
start over and run (execute) the program from the beginning again. We could however, make it

add numbers over and over agam by wrltrng in a control mstructron llke this:

55 GO TO 30

This mstructlon dlrects the computer to go back to statement 30 so that it keeps repeatmg the o

By inserting the control mstructron
55:GO TO 30

we cause the computer to return to 'statement 30 after it prints each sum to request two more

mput values There is only one prot.em:.we haven’t programmed in a way for the computer to’
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10 REB‘I THIS 1S AN EXAMPLE' A
20 REM PROGRAM TO ADD 2 NUMBERS
30 INPUT X»Y
[ 40 LET SeX+Y
50 PRINT S

Figure 1-22. BASIC program with control instruction.

10 REM THIS IS AN EXAMPLE: A

o loadl Thee gjg ;;sgmnxp?ocam TO ADD 2 NUMBERS -
>
progasm Tasugh | | o0 o Sexey R Mt

e "f""“’“* SO PRINT S
55 GO TO 30
60 END

Qoi Kpe ROV ——| RuN
CompuTiaFpus ?——-\? N —
w; 2 s bies —|—32 352811

— .
"7"”"“" 27915

Figure 1-23: Printout listing and ran with control statement GO TO 30.added:

stop=this is an “endless loop.” Inserting another__controi instruction, as in the éXampié in Ij“i'guré
1=24; below; will solve the problem. '

IO REM THIS 1S AN EXAMPLES A
20 REM PROGRAM TO ADD 2 NUMBERS

30 3 Y
@5 F._X=0 .

40 LET SmX+Y

1 50 PRINT S

55 GO TO 30 _
60 ENN -

Figure 1-24; IF-FHEN control insfrqciion in BASIC:
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The control instruction:
35IF X ”OTl EN 60

allows you to stop the computer at any trme by entenng a zero as the mput value for X. (When
you do this, you must dlso efiter a number—any numher—for Z, sirice the program expects an
input of rwo numbers: X, Y.) When O (zero) is entered as the first input number, the program
will go to statement 60 and stop.

Now; examine the printout below:

10 REM THIS IS AN EXAMPLE: A
20 REM PROGRAM TO ADD 2 NUMBERS
. 1 B ge INPUT X»Y

+ % —>35"1F X=0 THEN 60

staTemenT 35, 20 LET S=Xey -

: | , S0 PRINT S

S5 GO TO 30

60 .END

© gmcansnte | 2

Juo hsTap the | 050 “ .

Pregram. DONE

l?lgure l—iS l;rlntout of program wlth control lnstructlon to stop the program. -

" Dress Up Fea tures

Computers can output “data of two types numbers and letters. This makes it p0551ble for
_Ja programmer to “dre_ss up’ ’ the output with labels and messages, as shown in the printout for

Figure 1-26. »
This ends our brief look at the elements of computer programs The examples we used were

_in the BASIC language but the ‘same elements make up programs in any language. With the
knowledge of the three fundamental elements, you can now examlne a program in almost any

language and get a rough idea of its purpose . -~

1: Instructions concemlng the mput of data:

2. Instructions on how the data w111 be processed
3.~ Instructions concerrning the output of data.

and programmers remarks will help you interpret the program:

o

Q!
Qo
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Lzl 10 REM THIS r§ AN EXAMPLE: A
o] {20 REM PROGRAM TO ADD 2 NUMBERS
s weVacim»| 25 PRINT “TYPE 2 NUMBERS SEPARATED BY A COMMA*;
prduas |30 INPUT X»Y
- 35 IF X=0 THEN 60
. 40 LCET S=X+Y
SO PRINT ""THE SUM 1S3 S
.5 GO TO 25
. o 60 END
’ RUN
TYPE 2 NUMBERS SEPARATED BY A COMMA? 389,877
P || THE sum IS 1266 o
chan/ o/~ {| TYPE 2 NUMBERS DEPARATE:D BY A COMMA? 79,15
owtp THE SUM 1S 94 A
TYPE 2 NUMBERS SEPARATED BY A COMMA?0,0.
DONE S

Figure 1-26. “*Dressed up’’ printout.

&Bu{.&t 20 PHINT “DO.YOU WISH_ 10 FIND THE AREA 7F A RECTANGLF, PARALLELOGRAM,™
wad & 25 PRINT "SOUARE», TRIANGLE, TRAPEZD1D, OR RHOMBUS?®
Asclakale, 30 PRINT:"TYPE A 1,2,3,4,5, OR 6" .
«fe. 3s INPUT N - - -
40 GO.TO N OF 115-135s155. 175, 195,65 _
65 PRINT "RHOMBUS - FORMILA 1S A=D1eD2/2 - WHAT ARF THF DIARINALS!™
70 INPUT Di.V2---. -
75 PRINT “THE AREA OF THE RHOMBUS IS "3D1#D2/21"SQ.UNITS"
80 PRINT
85 PRINT
90 PHINT DO Y00 9ISH TO CONTINUE?™
95 PRINT "IF vrs TYPE A 1. IF NO TYPE A 0"
100 INPUT M
105 IF M=1_THEN 30 -
: B | 110 6o _10 215
/';ﬁag 7;{ 115 PRINT "RECTANGLE - FORMULA 1S AsBH - WiIAT IS THE BASE AND HEIGHT?®
M gy 120 INPUT B.H_ _. >
madpaiad| | 1oc ERINT “THE AREA OF THE RECTANGLE IS“1BeHI"SC. UNITS”
miasuns. | 1130 G0 TO 80 o
135 PRINT "PARAIEFEOCRM-F')RM"LA 15 AsBH-UHAT 1S THE BASE AND HFIFMTI™
140 INPUT B.H - .
145 PRINT “THE AREA OF THE PARALLELOGRAM 15"iB*Hi"SR. UNITS™.
-| 1s0 ¢o-10 80- o .
4 155 PRINT "SGUARE-FORMULA 1S AsSeS- WHAT IS THME LENGTH OF A SIDF?"
~— Y160 1wPUT S G e
. 165 PRINT “THE AREA OF THE SQUARE 15"3S#S3*SQs UNITS"
- 170 G2..X0 80 ... . _ _ ___ . _ o o ... :
_'{ 175 PRINT "TRIANGLE - FORMULA 1S As1/2BH ~ WHAT 15 THE BASE AND HEIGHT™
. 180 INPUT BroH- - —-
185 PHINT “THE AREA OF THE TRIANGLE 1s"1 fr2eBeHI*S8. UNITS™
| 190 60 TO 80 e
195 PRINT “TRAPEZOID-FORMULA IS5 A=172H(BI«BE)- -ENTER HEIGHT AND 2 BASES”
—{ 200 INPUT H.Bl,B2 _ .
205 PRINT "THE AREA OF A TRAPEZOID IS"1/24He(B1+B2)1"5Q, uNITS™
210 G0 TO 80
215 PRINT “I1T WA5S FIN CALCULATING THE AREAS FOR Y01, COME BACK. AND™
* 216 PRINT "SEE ME AGAIN,”
:L:ru;m 280 END
s 75188,
745, V6%, .
: "f”‘ 05,

Figure 1-27.

O

ERIC

Aruitoxt provided by Eic:

QUAD 9—sampie BASIC program listing.

!
oy
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Samples to Interpret C e

Figures 1-27 and 1-28 are examples of two BASIC program hstrngs sxmllar to the kind of
hstlngs you may ruhn across when looking for programs to use in your classes. To the left of the
listings, we have made a rough determination of the program’s purpose and other features. For
practice; you may want to cover the marginal notes and try to interpret the listings on your own.

WHERE IS THE PROGRAM?

When using a computer program, you may wonder about several things: Where is the pro-

gram (instructions) that makes all of this happen? What happens to that program when I sign off
the terminal? If I make a mistake typing in a response will it damage or destroy the program?

@
Oi’igihél in smra'gé, CE’P,V at yypik )

The answer to the first question is that all programs are usually stored in the computers
permanent storage area, located either 1n51de the CPU as a part of working storage or; more fre-
queritly, in a separate aux111ary storage device nearby. When you call the computer and ask for a
certain program that is stored in it; a copy of that program is automatically taken from perma-

nent storage and transferred into the working storage area set aside for you in the CPU: The

original program stored in permanent storage is left there. This copymg is very much like maklng

Pt “‘f‘” ’E“‘ ‘1 DEPREC

&/ 3 mﬂtodi —_— eo PRINT “THIS_PROGRAM™ SHOWs HOW A PIECE OF CAPITAL_ EOUIPMENT”_

70 - PRINT “DEPRECIATES ACCORDING TO THREE COMMONLY USED DEPRECIATION®
80 °PHINT "METHODSi STHAIGHT LINE., 50M OF THE DIGITS, AND COUBLE™
Vdu*lu?.z 90 PRINT “DECLINING.”
. 120 PRINT “ORIGINAL COST"3
. “"”"‘l st 130 INPUT C i
. T 140 FRINT "LiFE OF ITEM“
Life of chon- { 150 pUT L
i valiil 160 PRINT " SCRAP VALUE";
wran ( 170 INPUT S
(180 PRINT .. - —_. . . oo
NS 190 PRINT “YFAR™»"STRAIGHT",”SUM OF*,*DOUBLE"
OTpil ﬁﬂll’l,‘ { 200 PRINT " "," LINE","DIGITS*,"DECLINING"
| 210 PRINT -
7l 220 LET veces
230 LET Diew/l.

M {;\. i 240 LET ¥-((L0|’/2).L
T 250 LET Zel
Qempwintions 260 FOR X=1 TO L

270 LET D2mye(Z/¥)
880 LET ZeZ-~1
290 LET D3w2eC/L
«[ 360 LET_CaC~D3
rl310 PRINT x-
318 LET -QaDi-
314 0OSUB 400
316 LET QDR . -
318 GOSUB 400
320 LET QeD3 )
: 385 GOSUB 400 5
388 PRINT.- .

. 0,;«:)‘)2»13# { 330 NEXT X -

";‘,(_ 3% sTOP__ .
aganasing 2400 LET_QaiNTIQ#10072100

*n’ SnTpids 480 IF 9»100 THEN 440
A30 PRINT " %5
240 IF G»i0 THEN 260 .
4s0 PRINT ™ ).
460  PRINT ~3~0,
(| 490 RETURN
999 END

o
Figure 1-28. DEPREC—-sample progiam listing in BASIC, with comments:

-

35
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a phutocopy of a page from a hbrary book and then usmg the photocopy to wr1te notes and
comments on. When the photocop- is used, the or1g1na1 (in the book on the shelf) is not affected

CIf you are iiSing a tirné%haring system, it is possible that a number of different people are using

copres of the same program at the same time. The interaction with the copy of a program in

working storage is illustrated in Figure 1-29:

[~ .}
=c=§ o000 000 %57

Copy of CRIMEX ___ _

directing CM" .
ations

INPUT/OUTPUT DEVICE o
o linteracting with computar) ' CcrPU - AUXILIARY STORAGE

Figure 1-29; lﬁtéraetiné with a copy of a program in the computer’s working storage.”

When you srgn off and leave the termrnal the copy you have been usrng is erased wrthout

affecting the program in permanent sforage or the other copres being used. It is possible t0 erase a

program from the permanent storage area, but this requires special 1nstrnctrons written @cpressly
for that purpose and hence it cannot be done by accrdent

- rather small and can work with only one or two programs at one trme Others are large and can

. have many programs operating srmultaneously The number and size of the programs a computer

- can handle at any given ‘ime is often a way of determmrng the size of the computer.

Typmg Errors .

‘What about our last questron concerning the effects of makmg mrstakes in typing? When
you make 2 typing mistake in your response, you will not destroy the program, so don’t be afraid
when you type in your responses. . :

P

~

&






INTRODUCTIONM: THE VERSATILE COMPUTER® | " -

The computer has been harnessed to perform a number of different tasks in modem society; one
observer has 1dent1ﬁed over 2,000. Today, computer use is commonplacc in all sectors of socrety

In the last two decades, the computer has been found to be as versatile and usefulfa”tool in
education as it has in other fields. School administrators have found many ways to simplify their
jobs: €ne of their most complex and time-consuming tasks, class schedullng, has now been com-

putenzed in most districts: Dozens of other administrative chores are made easier or taken over

, completely by the computer—particularly those having to do with record-keeping and clerical

* tasks.
The most sophlstlcated administrative users have begun to See the computer as a manage-

ment tool, providing instant information to help them make better decisions. During salary s nego-

tiations; for example, a computer can qu1ckly prowde new salary schedules for each plan under

consrderatron project the costs over the next few years, and show the effect on the rest of the
school budget—all while the negotlatlng session i§ still going on. As d.lStl'lOtS are faced- wrth the
necessity of cuttlng costs, computers.can help educational managers do enrollment prOJectlons
as the basis for more realistic budgeting and plannrn g -

Many school dlstrlcts across the nation are implementing computenzed total managcment
1nforrﬁat10n systems, 1nclud1ng ﬁnancral personnel/payroll and student accountlng systems

system (MIS)
—  And what about teachmg” Thrs has been the last area to use computers in mgmﬁcant ways.

Nevertheless in the last few years a large variety of instructional: apphcatlons have been intro-
duced and the compiiter has swiftly become a useful tool for both teacher and student Accord-'
ing to a recent study by American Institutes for, Reseaich, the number ¢ of secondary schools using

ihe computer for instructional purposes doubled between 1970 and 1975 (from 13 to:27 percent)
and will double again (to 51 percent) by 1984 ,
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~ You are probably familiar with some of the growing possibilities of computer-based instruc-
tion in schools today, ranging from remedial drill work to éxciting computer-enhanced discovery
experiences. The overview presented in thz following pages is designed to give you a-brief intro-
duction to 12.of the most common computer applications in the modern instructional setting,

including some of the newest- uses in guidance and instructional materials generation: While the
12 uses of the computer discussed here do not exhaust the available approaches to computers in
this continually developing and changing field, they focus on the mdst fundamental and fre-
quently encountered applications today. T

- As a means of systematizing this presentation, these 12 applications have been grouped into
five basic categories, centering on the use of the computer as: '

\

An instructor/teacher;

A laboratory;

A calculator; :

An object of instruction;
An instriictor’s/teacher’s aide.

nHiW —

'fhis grouping is schematized in Figuré 2-1 below.
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While reading over the scheme in Figure 2- 1 it is rmportant to keep in mind three thrn@

First; to date there is no universally accepted srngle way of classrfyrng instructional modes of
computer use. Our present scheme repreSents just one way of structurrng 1t Second the scheme

in various stages of development at present. Thrrd sirice the computills ve.rsatllrty allows it to
play several roles at once; the helpful distinctions made by our diagram among general kinds of

uses is quite hmrted ‘any actual 1nstructional module (unrt applrcatron course, !cs,on) may

ing pages, each of the 12 uses in categories 1-5 is descrrbed in turn and examples of printouts or
related materials are given to illustrate the special features of each use. < . 7

/
fi-ié éoMﬁU?Eﬁ AS INSTRUCTOR

demonstrate how to do somethrng, and so on. While 1t may’ indeed be unlrkely that" computers
will ever replace human teachers, computer programs have been developed to perform so@e of

the more limited and routinized teaching tasks, freeing the instructor for the more creatrv and

conceptual tasks requiring the capacities that only the teacher possesses.
The two most common ways in which computers dre used as instructors are to provrde drzll

and to functron as a tutor.

The Computer as Briiimaﬁér ’ -
The term “drill and prac:ice’ correctly 1mplres that the computer can act as a drrllmaster
Students first develop a skill or acquire some factual knowledge—without the computer. Perhiaps

they learn materral from a lec ure and chalkboard a tutor, programmed 1nstruct10n a textbook

and concepts
In several disciplines—notably arithmetic, reading, spelling, hrstory, languages; and the’
sc1ences—there are specrﬁc facts to be leamed or skrlls to be developed Thrs type of leamrng is

The ‘use of the computer for reinforced iearmng frees the teacher from thrs task. It also permrtsr

pac1ng to an indrvrdual student s growth needs

prrntout in’ Flgure 2-2.
~This-example 1llustrates how the computer presents a questron ‘or problem and t;he student

types an answer. The computer compares the answer with the e'(pected response: If it is correct,

a new problem is presented provrdlng a subtle but posmve remforcement for giving the correct
answer. If itis incorrect; the student is giveri another chance and after a few incorrect tries will

- be giveir the correct answer, a8 is illustrated in the examplé in Frgure 2-3..

Most drill and practice programs have- essentrally this same basic format: a problem is ﬁre-

sented; the student responds; and the response is compared with the expected response. If it is

correct, the ‘student goes on to the new materral if mcorrect he is given anuther chance
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G'

ERIC

Aruitoxt provided by Eic:

. more posrtrve rernforcement for correct answers, as in the example shown in Flgure 2-4.

HERE 1S A SENTENCEs

THE SPACECRAFT LANDED SAFELY
ON THE MOON.

WHAT 1S THE SUBJECT OF THE SENTENCE?
2SPACECRAFT . . A
RIGHTI_ _ ¢ ; . , ' _ - ..
GHAT 1S THE VERB? o . . ) ' N
?SAFELY . .- -

NO» TRY AGAIN - .
. 2LANDED . : v 3
RIGHT 5

- HERE 1S A SENTENCE:

i
WHAT 1S _THE SUBUECT OF THE SNTENICFT -
?GORLLLAS -

———

GORILLAS OFTEN SLEEP IN TREES.

* WHAT'S THE CAPITAL OF OREGON? -
? PORTLAND

PORTLAND IS NOT THE CAPITAL: TRY AGAIN. |
7EUGENE IR S B A

WAONGs TRY AGAIN -
2SEATTLE . -

w U
|
Sl

’; N\\N0> THE CAPITAL OF OREGON IS SALEMs . ST

1 WHAT*S THE CAPITAL OF NEW YORK?

Figure 2=3. Sample interaction in which answerds given.

Many modifications are possrble For example the program can easrly be changed to provrde

If a student is havmg drfﬁculty with a set of problems he can be branched to an easier set,;
or to remedraI matenal for a particular c0ncept In addition, wrong answers can be analyzed wrth
a printed message telling the student what concepts need review, such as is shown in Figure'2-5.

One significant advantage of ‘using the coniputer as drillmaster-is that it can keep detailed

records of student performance, both group and individual; and provide a vanety of reportsr for

_the teacher to use in planning each student’s leamlng experiences: Also, a student can move at his

own ‘pace through the matenal spendlng ‘more time with troublesome concepts or proceeding

qulckly through areas already mastered Figures 2-6 and 2-7 illustrate the range of subjects for
,,,,,, _ P

It is 1mportant to remember that the computer when used for drill and practlce does not’

"*So that the reader can easxly rdenm‘y thé user entriés on sanfple prmtouts, we have underlmed them: In actual
interactions, however, such underlmmg does not occur. .
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17 + 4 = 13 + 8
VERY GOOD» YOU'RE RIGHT.
"9+ 6> 11
RIGHT, AGAIN!
12 +°3 = 16

EKQELLENI;, YOU ARE DOING VERY WE!:I:.
TRY ANOTHER:

15 +.7 > 22
| e — —
T 6

7 +8 < 13
VRONG:— TRY ANOTHER ONE.

3 +4:<6

irﬁoivé; TRY ANOTHER ONE. . ¢
. ' 3=10
~o WRONG YOU SEEM TO HAVE THE <:-AND > SIGNS .

-\ CONFUSED. REVIEW THIS TOPIC THEN COME BACK
= FOR MORE—PRACTICE. -

.

Program also “‘teaches’—that is; presents material desrgned to inctruct—it can more appropnately "
be called a tutorial prograr..

-

.

- Tutorial programs alkow a livelier interaction between student and computer than is usually

provided in drill and practice units. Ideally, in the tutorial role, the computer teaches by the
Socratrctmethod : it presents f‘actual,mformatton theg engages the student in a,questtron-a,nd-
answer dialogiie. The student may interact with the information in. various contexts and applica- ..
nons, usmg and ¢ expenmer ting with the prmcrples he or she haslearned. Typical tutorial mteractlon
is shown on thé sample printouts in Figures 2-8 and 2-9. . :
~Tutorial programs may be problem-Oriented, that is aimed at helping students ldevelop
problem-solvmg or critical thiriking skills in a back-and-forth exchange with the computer Look

over the example of a problem-oriented tutorial lesson in simple logic in Figure 2-9. L v
Dragnostrc and remedial programs may also be incorporated in the tutorial so that depend-

ing on a student’s responses, he or she may be branched to the appropriate sequence: _ E

a2



O

ERIC

Aruitoxt provided by Eic:

RUN
MATHO3

VHAT YEARs BLOCK, AND LEVEL DO YOU VANT?26,24,5
HELLO JACKs WE HOPE YOU ENJOY TODAY'S PROBLEMS.

M 6245 -

ssesessee mz Vt GJ lllll Seesess s
6 X.3 = ___18
187 6 3

17_6 OF 18 = 3
4 X 4 = 16

16 7 _—_4_ = 4. )
174 OF _16 = & v
5 xa=_20

207 5 -4

175 0F 20 = &
7_Xa= 28

28 7 17 =

DONE

Figure 2-6. Sample interaction with drill and practice program MATHO3; available from
Hewlett-Packard.

GUTEN TAGs ICH HEISSE HANS: WILE; HEISSEN SIE?
IF YOU WANT TO TRANSLATE ENGLISH TO GERMAN TYPE ENGLISCH. IF
YOU W#ANT TO TRANSLATE GERMAN TO ENGLISH TYPE DEUTSCH -

WXEJIELE YOERTER %O .LEN SIE GEBEN? TIPPEN SIE DIE NUMMER
7_2_ i L
TIPPEN SIE DAS PEUTSCHE WORT FUER THE RIVER

2DAS FLUSS

DAS GEHT NICHT_ e

SIE HABEN DAS FALSCHE WORT. GEGEBEN
TIPPEN SIE DAS DEUTSCHE WORT FUER THE RIVER
7DER FLUSS o

WUNDERBAR o
TIPPEN SIE DAS DEUTSCHE ¥ORT FUER THE UNCLE
?DER_ONKEL -
GROSSARTIG e
WENN SIE WEITERMACHEN WOLLEN, TIPPEN SIE MEHR $SONST NEIN
?MEHR , e
IF YOU WANT TO TRANSLATE ENGLISH TO. GERMAN TYPE ENGLISCHe IF
YOU WANT TO TRANSLATE GERMAN TO ENGLISH TYPE DEUTSCH ‘

s

hgm-e 2-7. Sample mteractxon with German language drill program GERZ available from Project
SOLO: .
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— — Y

#oALL PO!NTS ON THE EOUATOR NRE 0 DEGREES LIT-“

IO MAKE OUR EARTH. GRLD WE NEED MQRE E-W LINES_
CROSSING THE _N-S LINE: THESE LINES ARE CRELED
LINES OF LATITUDE CLATsY -
PLEASE WATCH THF. .FOLLOWING ILLUSTRATION WHILE
1_MARK_A_SERIES oF PO!NTS ALL 1 DEGREE SOUTH

OF THE EQUATOR-

_ N POLE €90 DEGREES NORTH)
e ,
¢ e
e (3
0 0

(]
cccccaeEQUATOR cccc=ag ¥
L 0

™
oo e

. A Qcccccccscssscccccl B
1 . N
N o ‘ N

eee ’ )
S POLE (90 nssm-::s SOUTH)

MENTALLY CONNECT THE DUTS TU FORN

A_LINE OF_SOUTH LATITUDEe. _DONT BE CONFUSED
BECAUSE_LINE AB_IS_AN E-W LINE. A LINE IS_

ONLY A ROW OF POINTSe ALL THESE POINTS ARE
SOUTR OF TRHE EGUATOR-_ THEREFORE IT IS SOUTH LAT.

A GOOD EARTH GRID WOULD HAVE--LINES OF LAT. -
0 I
Belg0. = -
C.WANT TO SIGN OFF
?

R

9

ES OP S LAT. AND 90 LINES OF

b . AT S 7:;_\:—;’__;W,,

Fxgure 2—8 Samp]e 1nteractxon w1th a geography tutonal program avallable from anesota
Educational Computing Consortmm

HERE IS A sii?éﬁznr:

‘ IF IT RAINS THEN LYLE Vlbb STAY HOME.

FIRST; ASSUME IT DOES NOT RAIN: CAN YOU CONCLUDE
THAT LYLE VILL NOT STAY HOME?

N . -
RIGHT. : ) .
gssgu;gg,‘rnm LYLE STAYS HOME, CAN YOU CONCLUDE ;¢

17 nAms-r ) ( \’\\

IYES ~

NO, YOUR coucwsxou IS INVALIDs YDU D:msn rnz{

ANT!C!D!NT-

Figure 2-9. Sample logic tutorial.

ERIC

Aruitoxt provided by Eic:
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from wrcng ones, some tutorials are programmed to deal with any conceivable response; includ-

ing slang words and sweanng FIere is a sample pnntout from an interactive tutonal program

‘which can deal with a wide range of student responses:

N
9

-~

RECALL FROM OUR PREVIOUS LESSON THAT GEORGE II RULED
GREAT BRITAIN FROM 1727 TC 1760, AND THAT DURINCG HIS
. REIGN BRITAIN HAD A SERIES OF wHIG PRIME MINISTERS.

VRD WAS_THE F‘IRST PEIME MINISTER TO. SERVE UNDER GEORGE'

- 11?7 _LET'S SE 'S SEE-=WAS 1T COMPTON?
NO--COMPTON WAS THE S EC O N D PRIME MINISTER TO
SERVE UNDER GEORGE 113 PLEASE TRY AGAIN.

WHO' WAS THE FIRST PRIME MINISTER ‘I‘O SERVE UNDER GEORGE :
I11? WAS 1T WILSONs MAYBE? .- _

NOW STOP PLAYING AROUND3 NO QNE BY THAT NAME EVER B
SERVED AS PRIME HINISTER IN GEORGE I1°S TIHE- PLEASE

TRY AGAIN. : -

’

SHO WAS THE FIRST PRIME ﬁiﬁiéﬁiﬁ T0 SERVE iiﬁoéﬁ GEORGE

11?2 Z7/HINT
THE MAN I°M THINKING OF ALSO srnvan AS PRIME mmsn:n

J é Ne - N 5 o
1]l csones 1, oy tev adatn. ~—

Flgure 2-10. A tutonal lnteractron Whlch handies a wrde range of student responses—program avarl- —
able from Minnesota Educational Computing Consortium;

Notice the flexibility of.computer responses in the tutorial role.

Since a tutorial assumes the burden of the teaching task, you will notice a variety of styles :

zand formats in tutonal programs Some 1ncorporate the elements of learning theory and are care-

_fully designed; others reflect a less soph1st1cated approach to teachlng An example of a rather

complete and complex tutorial interaction is shown in Figure 2-11. .

Lo

THE COMPUTER AS LABORATORY

© . The computer can act as a laboratory in a wide variety of instructional situations by providing an

environment in which the student can examine information; construct and examine models, and

conduct expenments Typlcally, the computer presents some portlon of the real world in a way
that allows the student to learn by expenmentatlon and observatlon

- There are three dlfferent approaches to using the computer as a laboratory the data analysis
approach the problem-solving approach; and the simulation approach.

Briefly, in the data analysis approach, the real world is represented by a set of data (a “data -
base””) describing some aspect of the real world: The student runs experiments with the data and

tests hypotheses about real-world relationships by comparing the different categories. ;
. In the prob/em-solvmg approach, the student learns about some aspect of the real world by
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Figure 2-11. Sample geography tutorial available from Minnesota Educational Computing
Consortium: .

»RUN

LATTTT 14128121 7 90L M

HELLD AGAIN: WHO ARE YOU:s TYPE YOUR NAME
AFTER THE QUESTION MARK.

?_JADE .

YOU MAY FIND THIS PRDGRAM TAKES YDU LONGER.'

THAN TEN MINUTES 170 OPERATE. - WATCH YOUR TIME.
WHEN YOU SEE TIME 1S NEARLY UP» ANSWER THE

NEXT QUESTION WITH THE SIGN OFF. CHOICE.

COME BACK ANOTHER TIME AND TRY IT AGAIN.
;&Ev:ﬁv CIRCLE HAS 360 DEGREES*#* K .
WHAT ELSE DO YOU WANT TO KNOW ABOUT CIRCLES.
As RELATED WORDS FOR _GEOGRAPHY

B+ DEFINITIONS OF A CIRCLE AND A SPHERE

C+ NUMBER OF CIRCLES ON A SPHERE

D. NOTHING RIGHT NOW

E+ WANT TO SIGN OFF

tc

LATI 12i30i04 7 JUL 71,

$SNUMBER OF CIRCLES ON A SPHERE®s

BECAUSE_CIRCLES, JUST LIKE STRAIGHMT LINES,

ARE A ROW OR_SERIES OF POINTS, THEY ARE

IMAGINARY UNTIL WE DRAW THEMs WE CAN IMAGINE

ANY NUMBER OF CIRCLES ON A SPHERE AND THEN

DRAW THEM.

A+ THERE REALLY ARE NO CIRCLES DRAWN ON THE
PLANET EARTHs - THEY ARE DRAWN ONLY O THE

' GLOBE OR CERTAIN MAPS.
B.A CIRCLE ON THE PLANET MAY HAVE ANY RADIUS
YOU CHOOSE.

C.A C!RCLE W!TH _THE SAME RADIUS AS THE SPHERE
IT IS DRAWN ON IS CALLED A GREAT CIRCLE.

1. 1T 1S THE LARGEqT CIRCLE THAT CAN BE

DRAWN ON A SPHERE.'

?-IT KLHKYS CUTS THE PLANET INTO TWO.

EQUAL PARTS (HEMISPHERES)

3. IT_ IS T&§_§HQRIEST DLSIQNCE BETWEEN TWO
POINTS ON THE SURFACE OF THE SPHERE.
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or 4 mathematlcal equatron The approach has trad1t10nally been used in mathematrcs scrence

and business; but it may also be used in the socral sciences or the humanrtres Problem-solving
programs are often structured as games especrally by student programmers.
In the szmulanon approach the real world is represented by a model which is belleved to

behave like some portion of the real world. The interaction may be either a stralghtforward

srmulatlon or a game. A simulation game allows each student to take partlal or total control of

“one side of the situation belng modeled and to make the deorslons and negotiate or revise strate-

gres or other elements at work. In this way, the student can investigate the lmpact of his deci-

sions.: lntcractrng wrth a srmulation/game a student can typically test a strategy, expenence the

-lmpllcatlons of his choices; and gain insight into the factors involved and their 1mportance
Data analysrs problem-solv1ng, and simulation all present the student ‘Wwith an env1ronment

in which he can learn by expenmentatron The chief difference between the data base and the .

' snmulatlon dpproach lS in how the real world is presented: the data base represents it as data
collected from the roal world, and the srmulatron repiesents it as a model which generates data

similar to data which might e collected in the real world. The problem-solvrng approach may use
a data base or a slmulatlon-type or mathematlcal model: Frequently in the problem-solving

approach, students write the program in order to master the algorithm 1nvolved in the solution.

The C Computer m Data Analysns

One of the ways the computer has proven rtself an invaluable a1d ifi nearly every f'eld to
which it has been applred is in the analysis of data. With a computer; human beings can store in-
formation, selectrvely retrieve it, Sort it. and analyze it in a fraction of the time it would take

using manual methods.
In the instructional world,; this data analysrs capabrllty has partrcular relevance to teachers

of soeral studies and the sciences, where students learn to collect data; analyze them,; and evaluate
the results. The method of collectrng data will vary from the survyes and polls of the social scien-

tlSt to the observatrons in a science laboratory, but the need for efficient analySIS and evaluatlon

is the same. Since teachers’ instructional ObjeCtIVCS often emphasrze 1nterpretation of results

rather than tedious and time-consuming computation of data, the availability of a computer for

the computatlon makes it possible for teachers to assign pl‘O_]eCtS and experiments previously very

tlme-consumlng or even impossible. ,
] Take for example, a social studies class which undertakes a special pro_|ect to conduct a
polltlcal preference poll of every student in a 900-member student body. ‘The class wishes to

store a data ' ~se in the computer—a pool of 1nformatlon about the political preferences of the
students The uiformation can then be analyzed in whatever way the class desires. The question- .
" naire mrght include such 1tems as the student’s grade, age; sex; religion; party preference; candi-

date preference, mother S party aff'lratlon father’s party affiliation; and so ‘on: Once these data

- .are coded and stored; the class members can retrieve them in any form they wrsh They can: .ask

for a report comparing the party preferences of-grades 9 and 10 and grades 11 and 12 or the can-

didates preferred by girls as compared to boys; ora breakdown of candidate preférences by grade,

showrng the votes for each candidate as a numiber and 3 percentage of the total-vote. An analysis

could also be made of the apparent influenice of a parent’s political party affiliation on the party

prefererice of the student.
. .Depending on. the sophistication of the students and the objectrves of the teacher the com-

puter can be programmed to perform various statrstlcal tests on the data allowing students

formally to test hypotheses about their student body
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Two unit;
‘large quamtles of survey data: The program description from the Teacher Manual for the unit is

reprinted in Figure 2-12.

[ - o _

[
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perfofms statistical calculations Wthh allow students i in grades 10 to 12 to examine -

e ———

1I. . DESCRIPTION OF THE PROGRAM

an ootloﬂ in th2 prdgram to avoid the prchem.

of the following:

(With OPTICNS 1 thzough 5 a Rccode OPTION 1is inc

and allow the user to calculate tha correIaEiéﬁ

coefficient gacma if desired.

centages for zny two variables.

percentages for any two variables.

variables.
6) Stop the program.

If i pinds sign ¢ - ) Is typed before the option number,
| will use previously stored data to-riake its calculations.

1°if the user selects GPTICX 2, he will be asked to hame two;variables,

it will save you time

The program in this_ unit will do statistical calculacions usele for
examinin; and analyvziag large quantities of survey data. The amount of
ow data that the user mnay euter into the prog'am will dazpand on the StoT-.
age-capac1tv of tn= computer. (PIease consult someone familiar with the
computer you ara using to help you determing the number of respondents you
can Store data for, ) The nurmber of questioas that can be stored for %ach
respondent is also dependepnt on storage capacity. In the rare case_whzare
your £oZpucer will nmot accept: "@" as a valid subscript; we have included

After the user has entered the data, he can have the program do any

1) Compute the mean and standard dev1atioﬁ fbr auv variable.

7) Construct a table of observed zrequencles for any €U0,
varizbles, compute chi square, degrees of freedom (df),

3) Construct_a table of ogséiiéa frequencies by row per-
%) Construct a table of observaed. frequencies by column

5) Construct a tnble of ewpectea £r Ga encies for any two

then the program will make the calsulations and print the results using
these variazbles. If the’ sape two variables are to be used with another
option, the user should tvpe " —'" and then the option number. This will
cacse thz same two variables to be used in the calculation and will save
considerable rige by not having the. machine re-read the data from data

iine storage. We swgest that you become familiar with this option; since

1uded:) .

the program

For exzample,

Figtire 2-12. Sample program description from the “Survey Analysis Package™ unit by Huntington

Two Computer Project:

*“Survey Analysis Package” of the Huntington Two Computer Projéct is available from Digital Equipment
Corporation, Maynard, Mussachusetts.
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Data analysrs programs like SAP are also used as a base for hypothesrs-testmg exercrses usmg
data organized by the teacher or another curriculum developer As an example read over the ex-
cerpts in Flgure 2-13 taken from:the “Analyzmg Crime” unit, which uses the data analysrs Sys- -

tem INQUIR as a base for formulatmg and testing hypotheses about crime. The Analyzing Crime

unit is avallable from Hewlett-Packard.

7§ —— [ _ ———— -
Crime: Its Frequency an

S o We know that big cities are the most troubied by crime, especially
what has come to be known as "street crime."” We know also that certain
areas of cities have more of a crime problem than other neighborhoods:
What has escaped us so far is why cvertain people canmit crimes, or
alternatively, why certaln areas have liore crimes than others: These
exercises won't answer this question for you because, in part no one

has an answers You will, however, uncover something about the -
éﬁéiééié;i;fiés of neighborhoods and the occurrence of three kinds of
crime. The data are from the New York Times and describe the 71 police .
precincts in the city. Each varlable has been recoded into four categorie; )
where one represenes the highest category and four the lowest. Apperidix
A contains the.-full 1ist of vuriables. . "

Exercise 1

One variable frequently used to describe crime rates is race.
Discover for yourself the relationship between race and crine by
crosstabulating the proportion of blacks by each of the three crimes..

°

‘ What do you conclude’ ' )

o -
»

Exezeise 2 - »
Now investigate another ethmic minority, Spanish speaking residents
or their immediate families. Do this by crosstabulating the proportion )
‘of Spanish speaking residents by each of the three crimes. Do you
notice any differences? To what might you attribute’ this’ o
A second school of thought argues that crime is basically a ’
result of poverty, i.e., poor people commit more crimes because (1) they
profit by _doing this and (2) ‘being unemployed they have nothing else

—

Figure 2-13. Excerpt from the Hewlett-Packard unit, ““Analyzing Crinie.”

Data analysis is as.important in scientific endeavors as the 1556'r5tof'y experiments which

generate the data: In the scrence ldboratory, the aVallable time and money ushally restrict the m-

dwrdual student to makmg one run through an experiment but became dupllf‘ate runs are usu-

To crrcumvent t’1|S problem teachers and/or students may perform some data analysrs on
classroom results to correct for these errors. For example, to separate acceptable experimental

K

o
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on one graph the teacher would then e11m1nate by observation those results which do not seem
to fit the main group:

A less arblti-ary approach is to use Chauvenet’s criterion for statistical rejection of devra'nt

~ data. This involves calculating the lower and upper bounds from some criterion level based on the
d1stnbut10n of the data. The data items that do not meet the cntenon are dlscarded and the cn—

average and standard dewatron is then calculated for theSe items. A h1stogram of the rema1n1ng )

items is made, and the expected Gaussian distribution is calculated from the average the standard -
dev1at10n and the sample size. The data hlstogram is compared w1th the concomltant Gaussian
distribution; and difference and chi-squared fit are calculated. On the basis-of this analysrs the _
acceptablhty of each expenmental result can be accurately determined, permrttmg valid expen-

“mental conclusions to be drawn.
~ Exactly this kind of data analys1s is made possible by such a computer program as LABSTA
developed by Project REACT.* Inr the example in Figure 2 14 the results.55 students obtalned
from an experiment with magnesium and hydrochloric acid are analyzed. Fitst; the 55 items of
data (volumc of hydrogen gas as calculated by students) were entered; then LABSTA performed
the necessary data analysrs The essential parts of the LABSTA run are show/n in Figure 2~14:

. !
[

' The Computer in Problem-SoIvung P

In the area of instructional problem-solvmg, the computer can play two different roles: (l)

' 1t can be uscd dlrectly to solve problems too complex or t1me-consum1ng for hand solutlons to

puter programmlng These two roles involve very dlfferent materials, interactions, and results. So

we will conS1der them one at a time.

" -

Solvmg C‘omp/ex Problems
‘The compiiter can provrde great enrlchment to the curnculum when its capac1ty for flexible
: problem-solvmg is used effeetively. In thlS role, it is not a mere calculator rather itisa tool for
solving complex problems and making large amounts. of otherwise 1nacceSS1ble 1nformat10n"-
available to students. - .
Unlike tutorial or drill- and-practlce use; problem-solvmg by the computer nrowdes little in
the way of original inst-uction or correction for the student: Interaction with problem-solving
programs i§ usually characterized by the computer s requesting the user to enter data needed to

solve the problem The computer performs all needed manlpulatlons and prov1des the user w1th

populatlon charactenstrcs requested by. the computel and the computer prints. out the requested
populatlon prOJectlon

may offer several options for solv1ng related problems Notlce those offered at the end of the
sample run shown in Figure 2—16 on page 47 :

Portland; Oregon; 1971.

Ul
‘Q‘
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B - — ——— L
—— ol
THESE VALUES LONK OUT OF PLACE AND §9 ARE REJECTED.
VALUE AVERAGE DEVIATION - PFRMITTED DEVIATION
. :
PASS 1 s -
 49.3 - 22.4113 26.6887 - 10+889K -
: PASS 2 o - e
13.7 25.0981 -8+39808 4230281
15.9 : 22.0981 ~6.+19808 a.30291 .
- o < )
PASS 3 o T o
19.4 . 22.39 =2499 1: 858225

as 22.39 281 1.6582¢€

THERE ARE 48 VALUES IV THF FULL CLEAN SET

AVERAGE - SIGMA
22.3979 0.2578 - v
. S : .
L J b
: :, : :
P el - I'd
Loved® UPPER o~
BOUND - BOUND HISTO GRAM BARS
e © o
: 21.7999 22.0400 o
22.0400 . 22.2800 = sxssxsss . .
22.2800 22.5200 tttttttttttttttttttttttt
22.5200 2g+ 7600 SEREERAS
22.7600 23.0001 T
EXPECTED HISWGRAM ' . )
COUNT EXPECT B1F . cHi2 .
3+49 -0:51 * 0407
11.73 3.73 1«19
17.56 ~6.44 2:36
11.73 3.73 1419 ’ .
349 =051 0.07 S . T '
. \ - Fl N . “
SUMS OF VALUES?
. o o /
48 00 . 14.92 . 4.88°
— ———

Figure 2-14, Sample LABSTA déié m'r;{iygig program printout, -

For mstructronal use, problem-solvmg programs mast rely on information and problems pro-

vrded to the student by textbooks, by laboratory and classroom presentatlons and matenals or.

by student materials specially designed for use with the program. An example is given on page 48

of a student worksheet designed. to be used with the probiem-olving program FACTRI,
developed by Project REACT. The worksheet provrdes the student wrth a problem mvolvmg the

-t
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" WHAT® ?ERTILITY wILL BE
HOW MANY DECADES lN'l'IL

DO YOU ‘ASSUME STANDARD
D0 YOU ASSUME STANDARD
D0 YOU ASSUME STANDARD
DO YOU. ASSUME STANDARD

REPORT:1>SHORT 2>LONG 3

MGRTALITY < ]-\'ES- 0=vC)>? 1

. . .
a .

" INSTRUCTIONAL USES OF THE COMPUTER

STABLE? 2.06

FERTILITY REACHES 2.06 -

[
I lu‘

BIRTH DISTRIBUTION (1=YES;0aND)>?1

_SEX RATID C1aYES,0eN0)?71

POPULATINN ¢ l-YF‘Sp 0-’\10 M7t

YGRAPH 4)CHANGE ASSUMPTIONS 5)>END? 1

YEAR 1970 __ POP= _204.8 MILL ION FERTILITY 2.4 4
YEAR FOR NEXT REPORT?2000 .
REPORT1?3 s B
YEAR 2000 BoPs  363.2 MILL IOV FERTILITY 2.0%
. B PCT- TOTGL PIP. °
) T T S T NN Y P - .
0 --a . .
S - 9 e "
10 - 14 . .
15 -19 s .
20 =24 . "
25 - 290 . .
30 =32 . »

39
a4

Figure 2-15: Sample problem-solvmg interaction with the Huntmgton Two Pro_yect Program USPOP

factorization of a’trinomial. lnstructnons are then given for USrng FACTRI to help solve the

problem. .
Detalled directions for runn1ng the program as well as a sample run usually accompany
computer—onented student materials. Program procedures and a sample run from the FACTRI1

unit are 1ilustrated in Flgures 2-17band c: ; : -
A comblnatron of effectwe gurde matenals and problem-solvmg programs can provrde more

new patterns;

similar problems he or she can be further encouraged to leam, by ‘dls\.overy,

-rules; and implications from the data:. Another worksheet deélgned for use wrth program FACT RI

illustrates this potential.
Betore we consider how computers are used to teach problem solvxng, look over: the two
sample printouts of interactions which use the computer directly to solve problems (Figures 2-15

and 2-16).

Student Written Programs

and prewntten programs are not needed

O
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nrru un;uu !on Bl‘ WD Cﬂ oNE Lllll-
USING COMMAS TO SM‘II THEN.
1=3:8:% X

DITER VALUES FOR XC135 X¢@)s AND 1 J
oM oW LINE, USINe COMMAS TO SEPARATE THIM-
«10,%,1 .

e e g

FUNCTIONS Y « =3 & XiB o2 & X +8

x Y
; -10 - =315
i -9 =256
i -8 -203 ’
-7 =156 .
-8 -118 :
-5 -80
1 - -4 bd-1 |
: -3 -26
-2 -1
-1 ]
1} (4] Se .
1 _4
2 =3_
3 =16
a =33

$e > '50 .

0 DNTER A NEV INTEAVAL, TYPE 15 .
TO_DNTIR-A NEV_FUNCTION. TYPE R, . d-
OTMER VILL STOP THE' Plloum. .

Figuré 2-16. §amplé interaction with program otterlné optlons.

The first dlsc1pllne to make use of the computer in th1s way was mathematrcs It has been
said that in mathematics there are three levels of understanding: the first comes when you hear a
concept explained; the second; when you explaln the concept to sqmeone -else; and the deepest

comes when you explain the concept toa computer Programmmg a computer demands an atten-

tion to logrc and precrsron as well as a complete understandlng of the concept being programmed
Some typlcal materials for problem-solvmg through. compu)er programming are shown
in Figure 2-21. In this examiple, part of the stident material on the problem-solvifig methodology is

illustrated, along with a sample of how students are guided into writing the problem-solving pro-

gram. In this czse; the student must write a program to solve some elementary matrix problems To

do this; he wili need a thorough understanding of the matrix operations mvolved as well as the

ability to write some programs in BASIC.

Today, many d1sc1plmes make use of prograim wntlng asan efféctrve means of developmg prob-
lem-solv1ng skills. A portron of a typrcal problem-solvrng apphcatron related to arr pollution is shown

dents to l'ocus on a problem srmply at first and then to use more and more complex prcblem-

solving skills as they work their way through the series of exercises.

Student-written problem-so'lvmg computer games are a popular leamlng device. Typrcal are

' hrde-and-seek ganies, in whrch the user tries to guess where a player is hiding in a mathematically

. numbered gnd For example in a 10 by lO grid; the computer mrght “hide” the player at the

hints are grven about how far off the iast guess was, the gUess must be reﬁned in the effort to

PN
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Name ) =
- - ' élnss/éeciicm
7 Program Ussd: FACTRI B
J . | Application 2: Aiding Calculations .
P . . o o e - R . . L
At-times you may be working on problems involving trinomials of the form
» ax¢ + bx + ¢ in which compllcntgd factorizations arise. Ip these instances,
FACTRI can be uged to obtain the factorizations.
Exsmple - | -
o At your desk: \ Work out_the following problem until you have ar ex-
pression whlch} seds to be factored.
) , A_rectangular swimming pool has a length
- which s twice its width. The pool s to €
’ o . be¢ surrounded by a boardwalk 4 feet wide.
The total area covered is to be 12474
. i . square feet, Find the dimensions of the
- pool. .
Yo indy want o draw & diagears t6 Kelp you visualize the problem ]
- situation. . s _
. ° . ot . .
At the terminal: Use FACTRI to obtain the factprizatior you need to
. ‘ solve the problem. [
; S At your desk: Solve the problem, “xélng the space below for your work.
. ¢ t% , .
7
2 ' .
. . o
Figure 2~17a: Sample student materials for Project REACT’s mathematics unit based on’ program
FACTRI. Above, student worksheet. .
; f . /
.
- o
N -
o
L]
9
- , .
. 54 .
) .
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PROGRAM PROCEDURES AND NOTES (FACTR[)

|he program FACTRI gives the Iactor
fzationg for trinomiala of the form

@+ Bk 4 ¢ did Idenfifios o fri-
| Homiala gien, (At are not lactorable,

)

1 Mike on- llne comechicta and cil up the program FACTRI accordlng to !
fhe Instructions appropriate for your mnqhine {Remember to retum the
carriage aler each of your eniries so the compuler can accept lhe next
entry or proceed with (he program,)

2. The program will begin by asking you to Indlcate how many expresslons
*you wish fo fa¥tor, (Enter the appropﬁate number. )

3. The program wm next- ask you to enter the coefficients for each expres

slon you want Inctored. For each 1 exprassion, enter the three coefficlents

8, by und ¢ on one line, -using commas to separate them,

Example: o falor tho two exprebalons. « - 9 and ¥+ 5 + 6,
you would make the respanses underlined below: )
. /

HOW WANY mﬂ!SSIONS 0 YOU HISH TO rACI‘OM
"

FUR !ACH TI!NWIL I:Nﬂl VALUI! FOR LN B AND Th
Usiig_Commas 10 S!PARMI e,

adeeh

nny

[

(N6 B {5 (1768 i et b el o e ogestlon,

even {f one of the values 18 0.)

mer lﬁe g hn Boen cumploted lhe progra.m wﬂl nsk if ym mt to
factor adﬂltlonﬁl trinomiala. If o0, type "YES" and proceed ag in leps
2-4, U volpdtype "NO" and lhe program will conclude.

. ‘PROGRAM SAMPLE RUN (PACTR)

bt b VILL,PACION A TRINONIAL OF tHE imi
MXW 3 & c

HW NW mmtm W 100 vidH 1'0 mrm

UIING COMNS 30" SEPARATE THEM,

1

t.mmn.
I' o

‘I‘Nl IAHOM 0' s 4 M
Xob(xel) |

'm mtm OF fo¥id o 6 mn
BN« dog o 19

ﬂﬂ PACTORR-0P-30K0 = 920X o 9 Mll
§ (nXigin B0x 0 1)

THE PACTONS OF-<800k10 + 406X ¢ 10 aND)
«10 (90%18 ¢ 18 @ 1)

!
o 30 4 G T 0 ERRE

“g& 00 W 0 DR AR PRI

Figure 2-17b. Sample program instructions from FACTRI stodent materials,

IDLIIEH_TI!HMIAL DNTER VALULS POR A I MD 0

Figute 2-17c. Sample program run from FACTRI stadent materials,

HILALINOD IHL A0 SIASN IVYNOILONYHLSN] |
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~ -

\: - 5 Name——

" Class/Section
Program Used: FACTRI

* Application 3; Generating Regearch Data

1t would be nice lf you éaﬁ[a "just look" n tr(nomlnl expresslon ltke

X2 - 9xr - 360¢2  ind, with vary little trouble, know whether or not it can
be Inctored 15 there some relationship between the coeffictents &, b, and
¢, or any two of these, which would be a major clue to_the “factorability"
of trinomial expréssions? FACTRI can help you to research queations like

this. | . .

Exﬁiﬁg’ié

A[ !he harmlnal Us!ng progrﬂm FACTRI, (nput the coefficients a, b;
and ¢ of te fol! following !rlnomlnls ’ -

o

:[g_gcgn_m Entéf for 8, i), and ¢
(i) iz + 4x - i2 1, 4; _i-;;
® &2 - 5x - 26 1; -5; -36
@ 6x2 - 7x - 2 8, -7, -2
W 6x% & 1ix + 7 6, 11, 7
® 2:% » ox - I8 2, 9, -18
(6) 9x2 - ox - 4 9, -5, -4
S ‘ S exE e 2ax ¢ 14 6, 22, i3
® 2+x:12 i, i, 2 .
® x2 - ax - 14 - 1, 4, 14
(10 3x? + 19+ 6 3, 19, 6

At your desk: Using the data generated above, exsmine the coefficients
S8 b, and ¢ for the expressions which can be factored and for those
_/ which comot be factored.

() Are there any relationships between the trinomiai coefficients
which indicate whether or not a trtnomlnl can be factored?
Record your hunches here and test them out by using FACTRI

_ e D~ - S - I T _
Figure 2-18. Sample worksheet illustrating “‘discovery” guidance:

w
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T

L) _
FINANCIAL PROBLEWS

THIS PROGRAM SOLVES THREE TYPES OF PROBLEMS:

€15 INTEREST ON INSTALLMENT BiiviNG
(8) PAYMENTS ON LONG TERM LOAN
{3) BALANCE OF A SAVINOGS ACCOWNT

VHICH PROBLEM WULD YOouU le! TD NHK UlTH (TYPE f» 2 9R 7}

THIS SECTION VILL DETERMINE THE ACTUAL INTEREST You PAY

+HEN YOU PURCHASE SOMETHING ON CREDIT.

VMAT IS THE cﬁsu PRICE OF THE ARTICLE (3)788.99
DOWN PAYMENT ($)710
ER OF PAYMENTS EXCLUDING THE DOWN PAYMENT? I8
NUHBER OF PAYMENTS PER MONTH? |
AMOUNT PER PAYMENT ($)74.8%

v

TH! RATE OF lNT!R!S"; CHARGED UAS 5.69 PERCENT.

ULD YOU LIKE TO RUN TH!-.‘ PROGRAM AGAIN (I-YES: O-NO)?f
ICH PROBLEM WOULD YOU LIKE TO WORK WITH CTYPE 1, 2 OR ‘!)?i

)
WVH
(13

'THIS SECTION VILL DETERMINE PAYMENTS FOR A LONG TERM LOAN.

VHAT 1S THE aMOUNT _BORRDVED_($273000Q o
INTEREST CHARGED (2378 _
INTERVAL_BETWEEN PAYMENTS (MOVTHS)?}_
TERM OF THE LOAN (YEARS)7Z L
DO YOU WISH TO SEE THE TOTALS ONLY - INSTEAD OF THF ENTIRR
TABLE = (1-YES, 0~NO)>?&-

OUTSTANDING -
PRINCIPAL AT o PRINCIPAL
. BEGINNING INTEREST DUE AT REPAID AT
PERIOD OF PERIOD END OF PERIOD FND OF PFRIOD
3000 __ 20 - 28097
2 275903 _ 18,39 2a8. 58
3 2516.45 16+ 78 2448+19
4 2272.26 15435 245.82
s 200644 1351 247.46"
6 1778+98 11.84 . R489.11
7 1529.87 10.2 2%0.77
8 1279.1 8.53 252,44
9 1026466 6.84 258,13

Minnesota Educational Computing Consortium:

-

Flgﬂre 2-19. Sample 1nteract10n with business problem-solvmg program BANK avatlable from
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. 73a45,583 -

PROGRAM SAMPLE RUNS (FRADEC)
‘Run 1 ‘ . ,

THIS . PHOGRAM. WILL COMPUTE THE DECIMAL REPRESENTATIONS
OF RATIONAL NUMBERS THAT ARE IN FRACTIONAL FORM.

HOW MANY RATIONAL NUMBERS DO YOU WANT TO CONVERT?

13

HOW MANY DECIMAL PLACES DO YOU GANT?

718 . ‘.

ENTER THE RATIONAL NUMBERS, ONE TO A LINE, BY TYPING
THE NUMERATORs A COMMA» AND THE DENOMINATOR.

2355,
128,

1607 -

RATIONAL DECIWAL

NUMBER REPRES ENTATION

8% ¢+ Sa = 1.203703703703

677 = 857142857142

‘DO YOU WANT TO MAKE A NEW RUN?
?YES
Run 2
HOw MANY RATIONAL NUMBERS DO YOU WANT TO CONVERT?
73 .
HOW MANY DECIMAL PLACES DO YOU WANT?
7103 _

ENTER. THE RATIONAL_NUMBERS. ONE TO A LINE, BY ‘TYPING
THE NUMERATOR: A COMMA; AND THE DENOMINATOR.

Figure 2-20. Sample run of a problem-solving program; FRADEC, from student materials to
“Fractions to Decimals’ unit.

4 .
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THE ATHLIAE TiCRETTIG ORI

EAGLZ Alrlines, & 1ittle known but anbitlols "aéhe&uled" coniter
sorvice, lists the followim direct fﬁghtal

Elchelbergertom o Salladasturg

Eichelbergortown to Kingerstow

Eichalbergortown t 4 Iackaman R

(axﬁ therefnre the funbier of rova (ot colum) in the binary natrix A),
[t you don't resnber bov o add mtrices, wotk thvough the module
EIIMI'I‘ARY NATRIX OPERATIONS".)
In the mthematical notation this 1y
S A A +AJ+ ...+A“I

whers § i obtalned by adding the matrices on the right. The entrles
In the sunmation matrix ave the total mumber of paths of any length
{tton) conmecting iny o towia,

TROBLENS FOR COMPUTER SOLUTION
muRt

irite a computer pmgm which finds the number uf different vaye
in which & porson can f1y fron & given starting city(tp each of the
other cities (ncluding the starting clfy) via BACLE Arlines,

SHPLE SOTUTION-

On pege B ¥e will shou 2 flou chart deacribim ona nolution of thia
problem on dage 9 [ liating of a BiSIC program that ImpIements {his Ilow
chart 18 given, This progman.does Tot use the zatrlx furtions avadlsble n
In most versone of BASIC in onder 10 show you how & professional programner
latej_m:h_ -

H

Flgure 2- 21 Sample student matenal from “Commumcahon Matnces

available from Projéct SOLO.

EXERC‘:‘SE 1- E‘sﬂmaﬁng Number of Cars

HDW Wity ﬁil?b’r’ribbﬂéi WOW Joii expeci 10 find i oiir restdential aréal

' Héw' m?my E?Z_ibiﬁbbﬂ?i W'OW yo'ﬂ 'ci}ii*f? 'l'd ﬁri'd 'rii'ri}ifhk d'l s'b'm'e hi'bifr'dn"
Be sure and state these assumplions explicily, Compare your assump
tions to those of other students. Do your assumpr!ons stand up well under
tlose examination!

Now that you have estimated the number of cars, we will structure our first model,
Let Pstand or the number of cubic feet of poliutants at any time, R for the number
of cubic feet of poliutants produccd per hout by each car, and N for the number of

cars operating at aiy given time; The simplest model we could corstrict woold be
Prew=Poid + R)N). 1)
P s the amount of poliatants a the end of any hour, Pofgis the amount at the
end of the previous hour. _
Wil et concntrae soey on cartion monoxide polltion, This giss fiy,
stable and quite persistent. We will need some concentrations and their effects to
use in the excrclszs A carbon monoxide concentration of 1000 purts carbon mor- |
oxide to one million parts air (abbreviated 1000 ppm) is sufficient to produce un-

consciousness i | hous and death in 4 hours. The maximum allowable concentration
for industrial workers for o cnght-hour workmg day is 30 ppm. Concentratlons of

stream of trafficin a multlane hlghway ot freeway,

EXERCISE 2- A Simple Model
Write a BASIC program to compute and print aut the number of cubi fee
af carbon monoxide m our rmdmlwt area every hour fnra 24 “hour period,

the nnber of cars g el joi astiated fi Exercie 1, The carbon
mionoide produiction fafe per car can be abidined from Table 2.

EX'ERCISE; 3 - Computing it

ol o I Bl 2 g i e i g i

Figare 322, Sample studest material rom problemSolvingunit “Tre Aute-
mobile and Air Pollution;” available from Hewlett-Packard.
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= N WiRU O =T 00

0123456789

Figre 2-23: Sammple grid for a hidé-and-séek game;

locate the hidden player. The games can be structired very simply, as is the case with the follow-

ing sample interaction, or they can become very complicated.

DO YOU WANT TO SEE THE RULES?YES

DIN BY 10 GRIDs
FIND HIM BY GUESSING HIS GRIDPOINT. HOMEBASE 1S
GRIDPOINT 050 AND A GUESS 1S A PAIR OF WHOLE
NUMBERS (0 TO 9 3 SEPARATED BY A COMMA. THE
NUMBER 1S THE DISTANCE TO_THE RIGHT OF HOMEBASE
AND THE SECOND NUMBER 1S THE DISTANCE ABOVE.THE
HOMEBASEs. FOR EXAMPLE, -IF YOU THINK THE PLAYER
1S_HIDING 8 UNITS_TO THE RIGHT OF HOMEBASE AND

3 INITS ABOVE HOMEBASE, THEN ENTER 853 AS YOUR
GUESS AND PRESS. THE °*RETURN® KEY.

YOU GET S GUESSES. AFTER EACH GUESS, 1 WILL
TELL_YOU HOV FAR CIN A Dxazcr LINE) YOU ARE FROM
THE PLAYER.

A PLAYER IS HIDING IN A 10

PLAYER 1S HIDING. YOU GET S GUESSES.

WVHAT 1S YOUR GUESS? 726

" TRY TO

FIRST

YOU ARE 4.4
WHAT 1S YOUR
YOU ARE 1
WHAT IS YOUR
YOU ARE 1

WHAT 1S YOUR
YOU FOUND HIM

UNITS FROM THE PLAYER.

GUESS?523 _
UNITS FHOM THE PLAYERs

GHESS?ng
UNITS FROM THE Pl..AYER.
GUESS? 552 ,
IN GUESSES!t1!

A

N

N et

Fig,l@'rérzii'd. sémprle interaction with a hide-and-seek game written as a 'step_ in masiexing mathe-

matical concepts.
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Two typcs of learnlng are pOSS1ble here The students who use the program (play the game)
leam that if they apply some principles about trlangles they can find the hidden player faster ‘But

students who write the program must not only have a clear understandlng of those same princi-
ples; but must thoroughly understand and apply the “drstance formula” —an important formula in

algebra based on -the Pythagorean theorem The problem solved by the Student who writes the
program is simply thls write a program wh1ch ~will tell a user how far a given point (the user’s
guess) is from a randomly selected point (the hidden player)in a 10 by 10 gnd

s1mulatlon/games ln1t1ally, we can distinguish between the two in-the follow1ng way

Simulations are operating models of phyS1cal or social srtuatlons The word model when

used in the context of simulation; means two things. First, it means a framework in which the

reality belng represented is reduced in size until it reaches manageable proportions. Second, it
imeans a framework in Wthh only certain aspects of the real th1ng are chosen for inclusion; in

other words,; reality is S1mpllfed
While simulations give a simplified picture of real phy51cal or social systems they neverthe-

less attempt to rephcate essential aspects of these spheres of reallty so that the reality may be

better understood and/or controlled. The degree to which the designer selects essential %lements

from reallty determlnes ‘how closely or completely the reality is simulated.
Games can be defined as competitive interactions among participants to achieve specrfed

goals Often highly motivational for students; they are usually played for entertalnment and

clearly identify winners and losers; success depends on Sklll or chance or some comblnatlon of the

two. Games need not attempt to repllcate real-world behavior—rules of behavior need apply to -

the game only
From these two ldeas srmulatlon to represent elements of reality and gaming to motlvate-

have developed a variety of  powerful learning contexts commonly known as educatlonal simu-

latlon/games wh1ch present a real-world model W1th1n a game playlng context

plore and dlscover cause-and-effect relatlonshrps develop and try out strategles and learn how a
socral economlc or political system operates. By participating in a simulation or game, students

develop both a better understanding of how systems operate and a respect for the complex
interplay of variables in social systems -

Followmg are sample interactions with programs which simulate an election system, a sys-
. tem of socroeconomlc mﬂuences on crime rates, and a system of international balance of pay-
ments As you read through the typical interaction shown for each, notice the kinds and number
of things the user can mampulate and the kinds and ranges of the (51mulated) results: Also notice
which programs appear to be the more formal simulations and which have incorporated some

characteristics of a game program
In the sciences, computer SImulatrons can allow for. srmulatlng expenments that could not

be conducted otherwrse because there would be danger or expense or the required equrpment or

- facilities were xmpoSS1ble to obtain; or the time scales involved were too short or too long for
analys1s in the school sett1ng Two tymcal examples of computer—enhanced S|mulat|ons in the sci-
ences follow. The first is of a simulated experiment with radioactive decay. The second is a
computer-S|mulated genetics experiment which would involve facilities normally difficult to get
as well as a t1/ne Span that is too long for the typical school laboratory. :
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ELECTZ

HISTORICAL ELECTIONS - 20TH CENTURY -
NEED INSTRUCTIONS?YES '

YOUR OOAL VILL BE TO CHOOSE THE OPTIMUM STRATEGY FOR_
CANDIDATES IN AN HISTORICAL ELECTION: EACH CANDIDATE'S
STRA''EGY VECTOR CONSISTS OF 3 NUMBERS. THE FIRST REPRESENTS
THE AMOUNT OF EMPHASIS_TO BE PLACED ON_THE CANDIDATE'S
. IBAGE; THE SECOND REPRESENTS THE AMOUNT OF_EMPHASIS ON_PARTY
- AFFILIATION, AND THE THIRD 1S THE AMOUNT OF EMPHASIS ON. _ . _
CAMPAIGN ISSUES. EACH OF THESE NUMBERS 1S BZTWEEN 10 AND 80,
VITH A _HIGHER _NUMBER_REPRESENTING MORE EMPHASIS. THE TOTAL
OF EACH STRATEGY VECTOR MUST EQUAL 100!
THE COMPUTER WILL FIRST ASK *ELECTION YEAR?®
CHOOSE THE YEAR FROM THE FOLLOWING LISTs

1920 1928 . 1932 1948 1952 1960 1968

° ELECTION YEAR?1948

N

'

_ . g
CANDIDATE . PARTY . _

TRUMAN | DEMUCRAT

DEVEY REPUBLICAN
TRUMAN?202 55,15

DEWEY? 50,20, 30

THE RESULT OF YOUR_STRATEGY I:-
51.25 X
. 4875 %

HE WTE FOB THE Tm _MAJDR CPNU TES IN THT ACTUAL ELECTION WASt
52.40 %
4760 % -

B R e S W

Figure 2-25. Sample interaction with simu!stion program Z4E¢ T2, available from Digital EqQuipment
Corporation.

O
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,,!N'n;yloté&i CRIMES

DO YOU WA:T INSTRUCTIONS?YES

THIS PROGRAM SIMULATES CRIME IN A TYPICAL CITY WiTH FIUF.
PRECINCTS. YOU MAY CHANGE CONDITIONS IN THE PRFCINCTS 10
TRY TO REDUCE CRIME RATES. TO STOP THE PROGRAM» FNTFR

THE WORD DONE IN ANSWER TO AVY QUESTION.

INITIAL CRIME RATE (PER 100,000 PEOPLE)

PRECINCT ,

- i 2 3 P
VIOLENT CRIMES &9 ‘4% 31 10
NON-VIOLENT CRIMES 294 256 s14 208

DO YOU WANT THE CURRENT PROFILE OF OTHER CONDITIONS?YES
. .

i = PER CAPITA INCOME 2600 3700 3950 4130
2 = UNEMPLOYMENT RATE 13.0 11.0 ~ 8.0  &:D
3 - GENERAL UPKEEP 1 2 2 3
4 - POPULATION 179000 128000 100000 84000
S - NUMBER OF POLICE 3sg 282 240 2072
6 - TRAINING LEVEL . 2 3 3 a
7 = PRE-TRIAL BAIL 80 80 K0 90
8 - SENTENCING 12 9 7 B

N

N
)

0!

19

aan0

a.0

DO YOU WANT TD CHAMGE THE, VALUE OF ANY 0OF THE CONDITIINS?YES

ENTER PRECINCT> ITEM NUMBER AND_NEW_UALUE._ _FNR_EXBMPLE 1

£ ¥y

VANT 10 INCREASE THE NUMBER OF POLICF IN PRECINCT 3 TO A _
TOTAL OF 240, YOU WOULD ENTER 3,5,240 AFTER THE QUESTION

MARK 15 PRINTED. WHEN YOU MAVE NO MOXE CHANGES TO MAKE,

ENTER__0,0,0
el 8850

? 285
- 7282124000
2 -

2222295

CRIME RATE - END ¢ YEAaR -
WHICH PRECINCTS?ALY.

PRESINCT
' 2 3 a
- - ]
UIOLENT CRIMES 73 47 3s 33
N ARl 261 L2 zig

W‘- e T

r

) ij‘igufé 72'-72'6: Sérﬁbié interaciion Wit e ‘L.tion, CRIMEX, developed by
Regional Educational I aborato .

cIlTY

Lile N

234.5

552000
1241

e 0

.- Northwest



BALPAY -
) DO YOU WANT A DESCRIPTION OF THIS GAME?YES
THIS COMPUTER PROGRAM IS A DECISION .MAKING. GAME: .
YOUR PART I¥ THE GAME IS THAT OF DECISION MAKER _ .
FOR_THE COUNTRY. ASSUME THAT THE COUNTRY_LS CURRENTLY :
IN A UERY POOR BALANCE OF PAYMENTS POSITION:_ YOUR

OBJECTIVE IS TO MAKE DECISIONS. THAT_ VWILL GIVE THE B
COUNTRY A HEALTHY BALANCE OF PAYMENTS POSITION VITHIN A& YFARS -

BALANCE s‘m‘rtnm'r IN MILLIONS OF DOLLARS - YEAR O
INFLOVS ' .

EXPORTS __ ©OUODS & SERVICES  $ 19 073
EXPENDITURES_FOHEIGN. TOURIST  § 2 153
INCOME INVESTMENT s 902
NET INFLOV $ 22128
| outrLows :
IMPORTS __ _ G00DS & SERVICES  § IR 271 .
EXPENDITURES TOURISTS ABROAD 3 1 610 - .
~FOREIGN_Al1D & MILITARY AlD $ 4 745 ; ~- .
INVESTMENTS FOREIGN s 2375 ,

NET OUTFLOW ~$ 27001
NET SURPLUS OR bsirxcxi)ri:"f INFLOY  -.23

7 AS YOU CAN SEE FOR THE STATEMENT ABOVE; OUTFLOWS
5" EXCEED INFLOVS BY A SUBSTANTIAL AMOWNT: YOUR COUNTRY
. IS IN A SERIOUS DEFICIT POSITION. SHOULD THE DEFICIT
BE DEPLETED. ALSO TOO MUCH OF -YOUR COUNTRY 'S RESOURCES
AND PRODUCTION ARE PROBABLY BEING SENT OUT OF THE COUNTRY

FOR THE PURPOSES OF THIS GAME, A °*HEALTHY' BALANCE OF

PAYMENTS POSITION 1S DEFINED AS ONE IN WHICH THE VALUE

OF THE RAT10, °*NET SURPLUS OF DEFICIT/NET INFLOVW® IS

BETVEEN THE VALUES OF =-.03 AND - .+03 +« NOTICE

THAT THE CURRENT VALUE OF THIS RATIO 1S =.®3 -

THERE HAS_BEEN 8 REVOLUTION. IN_PERU. . IdE NEB
— 2 GOVERNMENT HAS TAKEN OVER ALL OF THEY. conrmu:sn B

BY FOREIGN INVESTORS. _ALSO HARSH RESTRICTIONS HAVE BEFN
IMPOSED ON IMPORTS FF;OH YOUR COUNTRY-

ENTER YOUR POLICY DECISIONS FOR YEAR | .

VHAT PERCENT CHANGE DO YOU WISH

IN TAXES ON_INVESTMENTS ABROAD?S*
IN THE TARIFF RATE?4.5

IN GOVERNMENT SPENDING ABRCAD? =4_
IN THE PRIME INTEREST RATE?.S

BALANCE STATEMENT - YEAR 1

iﬁﬁ.éﬁi : ]
o EXPORTS $ 18 209 )
FXPENDITURES $ 2 133
\ INCOME ° s 866

NET INFLOW 3 21208 - T -

OUTFLOVS ,
IMPORTS_ .. 8 15 502 . .

EXPENDITURES $ 1 8Ss5. S
FOREIGN AID 'S 4 6a6 e
INVESTMENTS 'S | 888 L

' NET OUTFLOW & 23591-
$ DIFFERENCE -2383

_ % DIFFERENCE

o .
Figure 2-27: Sample interaction with_ei:c_momics simulation available from Tecnica Education Corp.

&
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DECA Y2—Radioactive Decay Simulation

DECAYE ) ! ;
DO YOU wANT INSTRUCTIONS Ci=YES, 0WNO) i 71
THIS PROGRAM WILL DO. THE POLLOWING:_ ..
CHOICE 1| -~ CALCOLATES HALF-LIFE FR’JH 'ﬂD READI‘J(‘S
. ON A GEIGER_CNINTFR.

CHOICE 2 - CALCULATES HOV MUCH OF A RADIOACTIVE SAMPLE
.- --— - WILL REMAIN_AFTER_SOME GIVEN AMDINT OF_TIME
CHOICE 3 - PRINTS OOT_A TABLE SHOWIVE MASS CF_SAMPLF . .
; PYUSe TIME OR NOs 7F PARTICLTS VUSe TIME.

’ (GRAPH OPTIONAL) NOTE! FOR THE TABLE YOU ..
MUST INPUT TOTAL TIME AND TIME INCREMENT.

_EXAMPLE: 1F TOTAL TIME=IO0_ AND_-TIME . ' . a
INCHEMENT= (0, THEN TIME IN.  THE TABLE WILL
* BE 1G220230s+0000000s002100. ?'

CHOICE 4 - END OF PRO GRAM
NOTE: _IN ANY ONE_ PROBLEM, TIME MOUST .
ALWAYS BE INPUTED IN THE SAME UNITS
OF MEASURE (IE: SECS«,MINS«,ETC.)

LI L LT L T

WHAT 1S YOUR CHDICE?1 . -

WHAT -1S-THE INITIAL READING ON THE GEIGER COUNTER,. .

—THE. SECOND_READING> AND THELIIME BETVEEN READINGS. -

715€0,3000,36 \- : / /

o \ L

); ) INITIAL READING® 1500 SECOND READING 3000 TIME= 26 : ’ -
HALF-LIFE= 35.9976 :

stssanssee - . ) '

WHAT ls YOUR’ CPDICE‘I} . . /

N - [

' . DO_YOU WANT TOvWORK WITH PARTICLES OR MASS? CANSUER 1 FOR
mnncl.!:s OR 2 FOR MASS) 71

WHAT. IS THE HALF~LIFE, INITIAL Nma:n OF PARTICLES IN THE
SAMPLE. TOTAL ELAPSED_TIME FOR DECAY, .AND_THE ®
-INCREMENT OF ELAPSED TIME?10,6.02E23,100,10 .

HALF~LIFE= 10--

INITIAL NO.

TOTAL TIME= 100 INCREMENT=

“ TIME

o P PARTI CL ES= 6.02000E+23

TOTAL PART. LOSS

PARTICLES
o m- [P et mm. coass eea-
: o 6-02000E423 O = 0
. 10 3.01014E+23  3.00986E+23  3.00986E+23
20 1-50814E+23 1. 50500E+23 4.51486E+23
3 . . M
. _. . - . A
90 15 17628E4+81 1.17617E+21 6+00824E+23 /
100 5.8616BE+80  5.88112E+20 €.01412E+23 /
D0 YOU VANT THE ABOVE DATA GRAPHED? (1-YES., 0-NO)71 / ol ik

.

é.béooosoes o
m :

30

MASS (O R PARTI [~

Tl 1---------1---_-----1--.------1---------

LES) REMAINING

1-s2iliicy

1
. 1
{ 20 1 . -
I
1
1

~ ¥ _ Corp.
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Fxgure 2-28: Samiple interaction with science sxmulatlon DECAYZ available from Tecnica EduCatlon



CHOOSES _
“ ls COMFLETE DOMINANGE
2 A:Lowmcz FOR OTHER GENETIC INTFRACTIONS .
o 2 -
ENTER_THE: NUMBER OF iﬁ'sji?ﬂcjs FOR WHICH YU WISH .
TO SEE THE EXPECTED DISTRIBUTION OF OFFSPRING .

i« THE NTH GENERATION
) 2. EVERY NTH GENERATION ‘
71 , .
WHAT 1S THE VALUE or N7L
VITH WHAT SPECIES WILL vou BE uonxmmm

HOW MANY PHENOTYPE CHARACTERISTICS WILL BE "INVOLVED? 4_

. . R

WHAT 1S CHACTERISTIC 1| ?ﬁ&m . g B
WHAT ONE WORD SPECIFIES THE CHARACTERISTIC ‘
1) FOR THE FIRST PARENT?ELACK S
2) FOR THE SECOND PARENT?BLOND-.
e . .
G l o
77777 [ ]

ENTZR THE TRANSHISSION PHOBABILITI!S UNDER_THE
APPROPRIATE COLUMN HEADINGS (YOU MUST SPACE.
AND PLACE # COMMA BFTU!EN ENTRIES ON A LINE)

CHRRACTERISTIC 1

HAIR COLOR : -
CROSS N CHARACTERISTIC OF QFFSPRING
T o - ’ BUACK BLOND OTHER
BLACK BLOND 7759 *15, .10
S : - L . ' o
- ) @ * é s
® [ ] P

-WHAT_1S_THE_EXPECTED NUMBER OF OFESPLING
FOR EACH PAIR OF PARENTS?12.
A\
THE EXPECTED DISTRIBUTION OF OFFSPRING AMONE
THE POSSIBLE_ COMBINATIONS OF PHENOTYPE TRAITS
: FOR THE SPECIES, MAN

GENERATION |

° NEW OFFSPRING= 12

€OMB. - .- - '~ PHENOTYPE TRAITS : FXP. FXP.
NUMB. . OF OFFSPRING ' PER. Wi,

HAIR COLOR EYE CoLOR NO SE " FEET

BLACK BROWN STRAIGHT .
BLACK BRO W STRAIGHT
BLACK . - BROW STRAIGHT
BLACK BROWN PUG
BLACK BROWN PUG
~ BROWN "~ PUG o
g - NI
) (\\) Flgure 2-29: Sample interaction with genetlcs simulation, GENET available from Tecnica Educatlon
) Corp h . \
. - ) . \
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_ THE COMPUTER AS CALCULATOR

Becausé of the computers popularly recogmzed speed and accuracy in perfonmng complex cal-

culatn:)ns it would seem that its most obvrous role in educatlon would be as a CalCUlatOI just as lt

its calculatlon capac1t1es are typlcally coupled with other capabllltles that result in the kinds of

uses we have-been discussing, which may calculate but also do much else:

- At thrs pomt the questlon m1ght arise: But isn ’t the use of the computer 3sa problem solver
the same thmg as ltS use as a calculator" It is true that the uses are srmllar but there are two ba51c

solvmg program ‘is often wrltten bv a student for the purpose of mastering the underlymg algo-

rithm or mathematical concept n contrast; formal calculator programs are assumed to be

.pre prépared or “‘canned” specnﬁt.rlly for stralghtforward calculational purposes,; especially in

areas where comiplexity and length make hand calciilations impractical. Second, pre-prepared.
problem solvmg programs aje typlcally tarlored for specrﬁc 1nstruct10nal purposes and 1nclude

lems and are used pnmanly where hlghly complex calculations advrse or require the asswtance of

electronic ceamputation capabllltles As a result; in the educational settmg, the use of the com-

puter stru,tl} as a calculator is generally restrlcted to mathematics, science, business, and statlstlcs

courses: where highly complex calculations may be required which are not the central focus of

the subject:
As an ¢ ample of a calculator program, look at the pnntout in Flgure 2-30 and compare it

N =226

DATA .=? 100098397: 94, 945015 88585584583, 83; 835 793 775 745 143 745 745 685 65
?2?761553550,46544,25 :

MEAN = 74.7692

VAR = _357.465 .

SC = 18 9057 ST Ss o e e

.br‘ o 1.'

Ran -

eTony

'r &[ ?6 ) S )
ATA -?91:90:90:88:87083»8ap 82' 82: 7(: '14' lluG!}Het} A8 :Zg:‘:.—__-_"'.;f;’ 5S4
75f74&~431¢3r38: 19 : 58+55+5
MEAN = 66+ 5385
VaR . _0463 77738 . _ .
SD = 1B8.6209 e 7 .

LT . a - e A v _ y 1 R
Piguer 2.30: Excerpt froin an inicracticn using the computér strictly as a calculator.
: i S N )

(. ~
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to the problem-solvmg program prmtouts in Figures 2—l7e and 2-19. These show that a calcula-

tor program is typically a bare-answer producer while a pre-prepared problem-solvmg program
may offer instructionally advantageous options and features in addltlon to solutions: '

Often,; it may not be clear which goal was the original intent of a program. In the school
situation; such a program can probably serve in either role.

The computer uses we have discussed to this pomt have used the computer as'an actlve
partlclpant in the mstructlon process, whether to help deliver instruction or to enhai: ce and sup-
- port instruction. These partlclpatory categories can be 111ustrated on our diagram as m Figure

2-31:

The remaming two categones mvolve the computer not as-a partrc:pant bt as ar object to

be studied by students and as a rool! at the disposal of the teacher for storutg and retrieving infor-

‘mation, generating matenals and keepmg records. —
Let’s turn our attentlon now to these uses of the computer in the school setting.

Figure 2-31. Diagram showing uses of computérs which are active in instruction process.

k]
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Figiiré 2-32. Uses of the éaiﬁbiiiéi as an Oijje’éf of iﬁSfi’ﬁcfion énd te’a(:hér's fooi.

“THE COMPUTER AS AN OBJECT OF INSTRUCTION

When the computer is used as an object of instruction; We are teachmg not wzrh the computer

but about it. When the computer made its first incursion into the classroom in the mid-1960s, it
:was prlmarlly as an object which gifted mathematics and science students could learn to:write
“programs for and run-their own Programs on., .Today, the frequency with which computers are

encoiuntered in the ddlly life of our society has required a much broader exposure to this tech-

nology in schools at all levels.

Currently there are thice main approaches to the computer as an object of msrructlon First,
computer literacy courses deal with the nontechnical and low-technical aspects of the capabilities
and lrmrtatrons of computers they usually pay special attention to the social; cultural, rocatronal
and educational implications of computers. Second, computer science and progrémrr .1g courses

generally teach students how the computer works and how to program for it. Finally, data pro-
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cessing courses instruct students in the basics of using the computer as a processor, including such
skills as preparing data for computer processing and programming for business data processing.

Computer Literacy
Of these three approaches the first usually involves the most 1nd1rect contact with comput-

ers, though some exposure to computers at work and to computer use 1s ordinarily included.

Compuiér hteracy coursés typlcally focus on the rmpact of the computer on so<:1ety, deahng wrth

viduality: Other areas that might be 1ncluded are the nature and 1mphcat10ns of artificial mtelh-

gence, computer-related vocational opportunities; and use or creation of computer programs in

diverse fields.
Courses in this field have been called for by many different groups and 1nd1V1duals since it
has become apparent that there is a growing urgencv to create a citizenry competent to under-

stand the uses and problems of the technology in der to be able to employ and cont it

1ntelhgently Whlle 1ncreasmg 1nstruct10nal use ol computer-based units such as thosc of’

compuiter hteracy aim d1rectly at equlpplng students with the understanding needed to be masters of
the te«.hn ology:

COmputer Sclence and Programmlng

any level of educatron today Courses 1n computer science usually 1nclude a practrcal introduc-

tion to the computer as a machme giving attention to the bas1cs of how it operates; how to run

programs on 1t and how to wnte programs These courses may be glven 1ndependently of mathe-

courses in programmmg languages* are becoming increasingly available as students at higher levels

of educatron make increasing use of computers At the college level; the separate discipline of

to offer students more speclahzed and useful exposure to computer gugrammmg Separate

compliter. science is well. estabhshed and .offers a complete study of the computer for future pro-
fessionals as well as for majors in the growing number of disciplines which make use of computers.

Today, an increasing number of colleges and universities expects entering students to have
computer programmlng skill along-with the minimal requirements in language arts and mathe-
raatics. The trend.is-reflected in secoac‘ary schools, where computer science courses are increas-
ingly available. AS inexpenSive microprocessors ﬁnd their place in schools more students have an
opportunity to develop actual software, probably in machme or assenibly language, and to léarn

how to control a computer ata personal level.

Data Processmg

career- trammg schools; typ1cally in the busmess education curnculum Courses ord1nanly 1nclude
practrcal training 1n keypunchmg (preparmg data on a keypunch mach1ne) computer operation;

and/or programming’ for data processmg operatrons As opposed to a computer science coursé’

progranmiming training for data _processing focuses less on the computer and its manlpulatron than
on the business application itself. A student of computer science might develop complex soltware

* »Several of thesc language - are discussed in Part I of this book. ’

&o
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to control the computer; a student of data processrng, on fhe other hand mlght develop a pro-

' gram- to process accounts recervable or keep track of inventory for a hypothetical shoe store.

Other students less 1nterested in or capable of writing programs, might learn other skills; such as
how to ‘operate ;. keypun.ch machine, a card sorter or collater, or a computer: Often, these skills

can lead directly ‘v or enhance the student’s employability.

THE COMPUTER AS INSTRUCTOR'S AIDE

The corapiiter as an instructor’s aide can provide an enormous amount of assrstance to the teacller
by ncrxo ming some of the noninstructional functions, freeing the teacher to spend more time
@ \ud : edchlng The three major dreas in which the computer can help are sorting and retrieving
Cint om <ion (1nformatlon handling), helping to prepare or generate instructional materials (work-

" und tests), and helping the teacher manage the instructional process:

Informatlon Storage and Retrleval
umes of data for selr’ctw\ retrieval upon request .

Although teach..s rs. .°ly consalt various sources for 1nformat10n in rhc process of
plannmg and managmg ...;trc-cv-on untii recently they have had to find the needed inforriation

in: catalogues of pnnted ariG - ~nprinted matenals, brbhographres or student records ‘which has -

of computers teachers are beg1nn|ng to enjoy the advantages of havrng such 1nformatlon accu-
rately and in ,tantly accessed and retr1eved -

retrreve large VOlu nes of rnformatlon is i counselrng and guldance A number of computer-based
career planning and _occupational information systems have been developed and are in use to

assist young peo, le in learning about present and future educational or career opportumtres and

make them aware of occupaticns they would find personally satrsfymg The computenzed infor-

mation system aids the overburdened counselor by encouraging students engaged in career ex-
ploratron and dec1sxon makrng to seek vocatlonal 1nformat|on on thelr own Such a system not

Wthh have certain charactenstlcs prescribed by the student and it brings together, compaies;

and relates various bits of information, allidunng an 1nteract1ve dialogue with the studént: Stu-
dents may explore occupatlons suited o their own mterests, values and aptrtudes and determme
educatlonal requirements for these or‘cupatrons Some systems allow the stident to explore a

~ variety of available options of post-secondary education and training and to-ask for mformatron

on available scholarshrps 7777777
One such system is the Gurdance lnformatlon System (GIS), copynghted by Tlme Share

Corporation: It is descnbed by the Minnesota Educational Computing Consortium as follows:

Namie: GIS : : :
Description: The Guldanceilnforrnatron System is a computenzed rnformatxon storage
and retrieval system available on the MECC computer. GIS provides 1mmed1ate
access to lnformatlon about occupatlons 2-year colleges, 4-year coiieéges, voca-

tional and technical schools and financial aid available in Minnesota and the

nation.
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Comments: The information is stored in five different data files. A brief descnptlon of

each ﬁle follows:
COL4: The four-year college file (COL4) contains 1nformatlon on more than 1 600 col-

leges and universities in the U.S.A. The student may examine over 750 charac-
tenstlcs such as costs, financial aid, size ard available majors.
C0L7 The two-year college file (COL2) contains information on approx1mately 1 000

two-year commumty, technlcal and _|umor colleges m the U:S. The student may

The student may examine over 400 characteristics that include educatlonal re-
qmrements worklng conditions, salary ranges, future job prospects; personal in-
terests and aptitudes.

SCHO: The scholarship and finanecial aid file (SCHO) contains financial aid information
from such sources as the federal government, foundations and other organizations:

The Aid Programs are national in scope and require that students apply d1rectly to

- the fundlng agency.
VOCA: The vocational and techn "al school file (VOCA) contalns information about

vocational and technical education in Minnesota. . -
Using the GIS Program After obtaining the system library program (GIS) the user -
must choose one of the ﬁve data ﬁles to be utlhzed (COL4 COL2 VOCA OCCU

order to cP iuase the appropnate characterlstlc and characterlstlc number to use in

his search. W ben, this number is entered along with a one-letter code the computer
W|Il respond win the number of colleges (or schools; occupations, scholarshlps)
that iieet your starch reqmrements if less than 25 items are left in that data file
as a 1“sult of the search the user may prlntout those items and get add1tlonal
iniorma.icit ikout them; otherwise, the search must be continued.

Anothér eiamf)ie is the Oregon Ca'reer Ifi'formation System (CIS). Excerpts-from a counse_I- .

Materials Generation
The capacxty of the computer system to act as a “smart pnntmg press” (comblmng fast
pnntlng with information retrxeval) has been made available to. teachers for the purpose-of gen-

erating 1nstruct|ona1 matenals In this mode of computer use, special materials-generation pro-
grams with dccess to extensive stored data allow teachers to specify the kmds of materials needed;
once the teacher’s needs have been entered, the computer proceeds to retrieve and prlnt out

matenals to those specifications. The kinds of materials which can be printed out range from

tests and games to individuaiized worksheets and tex! matcrials.

‘One example of a materlals-generatlon systeri is ti:e Computer Based R-- siirce Unit (CBRU)
developed by STINY at Buffalo; New York which helps teachers create individualized instruction

_materials. For a..;’ one of over 70 topics, the teacher inay specify his objectlves and the charac-
terrstlos ,f tne students The CBRU system then scar<'..s through a bank of 1nformatlon and )

prints out approprlate instructional: activities; content item- resources lists; and test items keyed *

to the objectives and to the leamers The system automatrcajly includes snwvestlons to métch the:
profile of ieamner variables for each student as well as for the class as:a whore
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HELLO; PLEASE ENTER YOUR NAME, THEN PUNCH THE *RETURN' KEY.

IMARTLYN. i

HELLO MARILYN, . . .. .. . ... .. -

.- YOU ARE LOGGED IN T THE CAREER_INFORMATION SYSTEM3

; USE_IT_AS_MUCH AS YOU WANT. WHEN_YNU BRE_THROUGH; PLEASE

TYPE IN 'STOP® S0 YOU DY NOT WASTE CIMPUTER TIME.

NOU>_ HOW_ DD _YOU WANT TO START?

IF YOU FILLED NUT THE QUESTINNNAIRE IN YOUR HANDEOOK,

- - TYPE IN® 'QUEST.'
IF THERE ARE 0CCUPATIONS, EDUCATIONAL PR)GRAMS;
OR SCHOOLS YOU WANT INFORMATION ABOUT.
~ TYPE IN: °INFO.' . _

7 INFO P

THREE KINDS OF INFARMATION ARE STOHED IN THE CIMPUTER: +° .

- < < NCCUPATIINS: LACAL, STATEs AND NATIONAL LABOR MARKFT

INFOBMATION THAT_IS_CONTINUDUSCY UPDATED:.

TYPE IN_*DESC® AND A_4-DIGIT.QCCUPATINN C7IDE
(EXAMPLE$: _DESC.1684). Y1l MAY ALS) -FIND 2CCu-
PATINNAL BIBLIJGRAPHIES (BIBjY, UISITS (UISIT),
EXPLORER_PISTS (XPLOR); AND:VAYS T) PREPARE FIR
OCCUPATIONS ¢PREP).

-2z GﬁZ&: OF STUDY AND TRAIVIVG: TYPICAL

, ounsswnnx AND LIST 9F SCHIILS.

b TYPE IN *PROG' AND A 3-DIGIT PROGRAM CODE
EXAMPLE: PROG 131

= - - SCHNO.L“1 _SERVICES AND CNSTS 7F SCHONLS.
TY>: IN *SCH*
You éﬁﬁ FiﬁB CODE LISTS IN YJUR HANDBINX:

PORTLAND METROPOLITAV AREA? (TYPE IN: PORT)
MID-WILLAMETTE AREA? (TYPE IN¥ wILL)

LANE COUNTY? (TYPF IN: LAVNE)

SOUTHERN OREGON? (TYPE IN2 $7)

€NNS-CURPY COUNTIES? (TYPE INt CINS)

EASTERN DREGON? _(TYPE IN: EAST)
OT'HER AREA? (TYPE IN: OTHER)

L.ANE o

_8456  ELEMENTARY & SECONDARY TEACHERS

ELEMENTARY AND SECONDARY TEACHERS DEVELOP AND PLAN. TEACHING
MATERIALS _AND PROVIDE CLASSRINM INSTHUCTION TO STUDENTS.. _
FLEMENTARY TEACHERS NORMALLY WEK_WITH ANE._GRMIP_IF_PUPILS
DUHING THE ENTIRE_SCHONL DAY._ . _SECONDARY _TEACHERS_USUALLY__
SPECIALIZE_IN THEIR_TEACHING SUBJECTS:. . SPECIACTIES_INCLUDE
FDUCATING THE HnnDICAPeED COACHIN® SPIRTS; AND TEACHING (9~

Fiéuré 2-33. Sample interaction with CIS.

-

ERIC

Aruitoxt provided by Eic:
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?PREP_8400_ R [
_8400__ SOCIaL_SERVICE NCCUPATINNSS _ __._ : ’
EEBSONS IN. SOCI Al _SERVICE. ’)CCUPEIIOS’S EBOUIDE DIRECT
SERUICES 'T9 PEVPLE:_ THEIR PRIMARY_FUNCTION. 1S_T1_EN-
HANCE THE PERSONAL DEVELOPMENT QF INDIVIDUALS THROUGH-
TEACHING, CJOUNSELING, ETCe CAREER PREPARATINN COULLD IN-
CLUDE THE FOLLOVWING HIGH SCHIIL SUBJECTS:

ARITHMETIC COMPOSITINN READING

BIOLOGY POLITICAL SCIENCE $ICIALICY -
~ _CHILD CARE _  PSYCHALAGY SPEECH
SOME HIGH SCHOOLS OFFER_SPECIAL _COURSES IN THE_PUBLIC ‘
SERVICE CLUSTER. QN _THE OTHER HAVD, STUDENTS MAY VEED TO )

CINSIDER POST-SECOVDARY AND/OR ON~THE-JVB TRAININGe
YOU CAN_LEARN MORE BY LNOXING AT THE DESCRIPTION FIR THESE
OCCUPATIONSt

B414 COUNSELORS : \

B416 CASEWDIRKERS » '

8418 PSYCHILAGISTS

FYISIT 8456

8456 ELEMENTARY 2 SECNVDARY TEACHERS :

PERSON _TO COANTACT: FIRM NAME: ’
JAMES Ee SHAW’ ¢ MINRIE JHe H: SCHINL

SECONDARY. TEACHER 2800 BAILEY LAVE <

PHONE: 342-5611_ © _EUGENE . .

SPECTAL INSTRUCTIONS: CALL EXT. 254 AVD ARRANGE TIME WITH SECRETARY'
WILL JALS? TALX T0 GROUPS IN EUGEVE/ SPRINGFIELD ARFA

YOU MAY CONTACT ANY PERSIN NN _THE VISIT_CIST. EACH_. .
ONE HAS UOLUNTEEHED T9 DISCUSS HIS-OR HER OCCUPATION:
¢THIS 1S NOT A REFERRAL T0 A JOB INTERVIEW).

2PHOG 236
236 SECONDARY EDUCATION

MANY 4-YI:.AR CULLFGES OFEFB EROG BMS lNTE&IDlNC TQ \\
PREPARE SECONDARY SCHNOL TEACHERS._ SOME_ SCHIOLS_ALSD.
OFFER SPECIFIC COURSES PR STUDENTS WANTING TO _SPECIALIZE \
IN JUNINR HIGH SCHOOL TEACHING. IN ADDITION, - SEVERAL _COMMIN- n
ITY COLLEGES OFFER ASSOCIATE DEGREE PROGRAMS_INTENDING .TO ’
OUAJ:[EY PEOPLE IN BiiSINESS & INDUSTRY TO TEACH UDCATIONAL o \
- COURSES» COMPLETION OF .AN APPRJVED SECONDARY EDUCATION. \
BACHELOR'S DE(‘REE IS A PRE-REQUISITE FOR EARVING A BASIC 5
TEACHING CERTIFICATE. ™ TEACH BEY)ND THREE YEARS REQUIRES '\\

- -
. .
. -

l;igUre 2-33. continued. ’ \

ERIC

Aruitoxt provided by Eic:
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B An example is shown in Fluure 2-34 of an interaction with a worksheet generator program.
Such programs may allow the user to specify a limited .iumber of charactenstlcs for the instruc- -
thI’ldl materials; as in the example in Flgure 7—34 where the number and klnds of problems alone
are specrﬁed or they may allow @ much broader range of specifications in order to produce truly
tallor-mdde worksheets for clas’ or 1nd|vrdual|zed lnstructlon

cient matenﬁalsﬁgeneraﬁtor Usmg an approprlate test-constructlon program a teacher can readlly
obtain test printouts to use as ﬁnal examinations, exercises, achievement tests, or diagnostic aids.
There are two basic ‘types 'of test genierator programs. Most generdl-purpose test-construction

progrdms use dn approprlate ltem bank” from Wthh prewr1tten test 1tems are selected accordlng

words, behavroral category (exg: knowledge comprehensron apphcatlon analysrs synthesrs and

evaluation), behavioral objectives; statistical characteristics, or item “*fficulty. Using such a pro-
gram, tailor- made tests can be easrly produced for class use or individual testlng

Tests involving unique test items can also be generated. The | programs require the teach-s to
speclfy a model of a test item’s structure and the rules for altering it; for example, a teacher
might specity such a simple item model as:

On a vacation trip ofA miles, Sue drove B miles the first day What percent of the total mlleage did
she drive on the first day? .

The riiles for altering this model might be:

generate values for A and B such that:
/i is greater than B + 50

A is less than 4 000 miles:

B is greater than 50;

B is léss thari 600:

ables and different correct answers. Thus a teacher can design a single model wrth rules from

which the computer can generate one-of-a kind sets of exercises or a unlquely dlfferent exam for
each individual student and, at the same time, the teacher s answer key for each test.
ln addxtlon to the above 1nstructlonal matenals computer programs are being used to pro-
duce other matenals potentlally useful for mstructlon or recreatron "‘Computer Art 'p1ctures
., sample run of the maze-generatlng program AMAZlN from the Unlvers1ty of Oregon s PDP-10
BASIC library: Can you think ofa way such a program could be used to enhance instruction?

Computer-Managed Instruction (CM1). _
The instructional roles the computer can play in the classroom ordinarily rely on the teacher

to kecp track of student progress and to gulde test; and instruct between and around appropriate
student-computcr mteractrons The computer |tself however can be of additional help to the
teacher by taking over some of these tasks; in fact, whenever individualized instruction is a serious
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»BLD AlRw
»NHR

THIS PRGGRAM GENERATES vaaxsusefs 8N PERIMETFR
. AND AREA OF PAPALLELOGGRAMS AND TRAPEZOIDS. ‘
P H3W MANY WJIRKSHEETS D2 YOU WANT?_ (35 IS MAX.) 7?2 _1_
HOW MANY PROBLEMS ON EACH W3RKSHEET? ._(10_1S MAX)_ T 2

YoU HAVE THE FOLLOWING CHQOICES FGR UNITS @F HEASUREHENT: -

. 1. INCHES ___
. 2. CENTIMETERS .
0 3. NINSTANDARD UNITS

_VHAT'S YGUR PLEASURE?_2_
YOU HAVE THE FOLLIWING CHOICES FOR THE TYPE OF PROBLEMS:
Is ALL RECTANGLES -

. PARALLELDGRAMS THAT ARE NOT RECTANGLES
3. ALL_TRAPEZ@IDS

4; A _RANDEM SELECTION OF THE ABOVE CHQ!CES )
YHAT'S Y@UR PLEASURE? . °

UGBKSHEET # 1. _FIND THE PERIMETER AND AREA BF EACH FIGURE:
USE A RULER MARKED IN CENTIMETERS 16 ‘HELP ?GU.

2 - ?
e o & ® 5 o o & s ® e o o o o .
. o .
. . .
. . & .
. . -
. . .
.- . . .
. . .

o o & o o o o o7 o s e s o o

ANSWERS. WORKSHEET # 1 o
THE UNIT _OF DISTANCE = THE CENTIMETER;
i PERIMETER= 22.159213 AREA= 18.064480
2 .PERIMETERS 24:804285 AREA= 24.085973

- - - - -

TIME 3 657/ 170 & 12

L Flgure 2—34 Sample interaction with workshee; generator, AlR,; avauable from Minnesota
Educational Computing Consortium.

ERIC

Aruitoxt provided by Eic:



INSTRUCTIONAL USES OF THE COMPUTER 71

i
TH1S PROGRAM VWILL DELIGN A MAZE FOR YDU AND TYPE IT
OUT ON THE TELETYPE. THE COMPUTER THINKS OF & ;
NEW MAZE EACH TIME.
WHAT ARE YDUR WIDTH AND LENGTH ’15,10 .
4
fe=p==f le=fecwfec,-mj-=gemieegecgocie~i-sie-} :
M 1 4 I 1 1
t te=ge=t 3t gfe=l==f-=i==% 3 1-=3 1==3 3
1 R 11 I 1 1
t==t==1 't ge-ge=te=f-=1 § $o=g-=p==1 ¢ 1
I I I 1 I I 1 I -
t t f--t-=p 1t 1} le-gp--gp--3 F--3 1 t 1 2
T 1 1 1 1 1 T 1 ’
§==te-tecte-te=te=t==t t t t==t te=t-=2 3 @
1 1 { I 1 1 1 1 .
t 1 3 te=t : 2 $ 1 te=fe=3e=3 t==3-=1t
I I I I I I I I 1
t te-3==f g=bgssg==te=g~=% § t test==t i .
1 1 I I I 1 1 I ¢
t 1 t==12 H H te=te=z 1 f==ge=t te=g==?
I 11 1t 1 1 1 )1
t Tt 1 te=1 $-=lecle=ge=ieep i fe=te=? ¢
1 1 I I I I
t H t t H j=etecle=tecte=tocta=t-=1 H e
I 1 I I I 1 I
te=g=- -t - - mefe~f feci~-i-ot

Figure 2-35 Sample interaction thh AMAZIN Available from Minnesota Educational Computm:
Consortium.

é

goal a Computer—Managed lnstructnon (CMI) system {s vnrtually reqmred Such systems are ae-
signed spedilically to help teachers with the considerable number of record-keeping and clerical
tasks involved when instruction is indjvidualized.

A vétiety of CMI systems argA£urrently -vailable: All of them typncally perform the basic

tasks of* stormg student records and proﬁles and using the mformatlon to help analyie student
pﬁzsgress and dlreet the learnmg sequence. On the basns of test scores entered into the CMI system,
for example, the student s performance may be evaluated against previous data and directions for
further work may be giveii—eitheér remedial; advanced; or corollary. Thus some of the routine
kinds of work are taken over by the computer, and appropnate information is made available for

teacherdecnslon-makmg :

P

\ <
- .
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CMI system called Computer Generated lndmduallzed Problem Sets generates completel3 indi-
v1duahzed problem sets from- teacher-supplled algonthms and prototypes, constructs og:ler tosts
‘from an item bank, maintains records of students’ progress, automathally scores tests and pre-

vides diagnosis of student errors; and performs an.item response analysis. Alghough this system is

limited to physical science’ courses, 1t performs a wide range of extremely helpful functlons

wlthln that area. ‘ - 5«7
Another system, the Cincinnati Instructional Management System has been developed as a

teacher S assrstant in read1ng and mathematics. Here the computer does not generate tests or’
problem sets; but ddes score the pencil-paper tests used to dlagnose and track student progress It
also keeps student records and produces dlagnostlc reports by student; group, and. class. "At the

request of the teacher, it will make review or study assignments:

These two systems demonstrate the variety of functioris a CMI system mrght carry out. Usu-
ally, they score and/or analyze tests, diagnose or identify instructional needs; and prescnbe or
select approprlate educational experience. All of this informztion is supplied totthe teacher to
assist in far more 1ncluswe instructionat dccxslon-maklng than is normally posslble In add1—

tion; CMI[ systems of ten are equ1ped to generate tests or 1nstruct10nal resource hsts, to” provide
achlcvement proﬁles for 1nd1v1duals or groups, to group students by ablllty, needs, and progress,

A CMI system can probably best be thought of as an umbrella for 1ndlv1duallzed 1nstruct10n,

- under which lies*a range of1nsti'uct10nal and evaluation expenences For example, a teacher may

select a given mathemat1cs objective from a computer—lmked “llbrary of objectives for the stu-
dents to master; a .CMI system; meanwhile; could generate and core: dlagnos}l‘c tests and prepare
an achlevement proﬁle for each student. Usmg these profiles, the system could produee an indi-

pletron of a computer-generated practlce problem set Fmally, the co nputir mlght generate a’

. criterioni-referenced tes: 0 measure -the student’s achievement of the objective. If it were ade-

quate, the student would go on to the next objective;:if not; the. computer would generate a new
prescription for review or further study based on the test items on which the student performed

poorly:
As you can see, CMl has the capabrhty of provrdmg the modern teacher with a v1goraus sup- ‘

port system for accomplishing a wide range oﬁfrrnstructlonal goals from ..1mple coherent tracking
procedures to the most inclusive individualized instruction aims.: .
‘ U )

i
~ ool
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SELECTING COMPUTER-BASED MATERIALS: SOME BASICS

Introduction
Quility . . . you know what it is, yret”yqu don’t kngw at it is. But that’s self-contradictory. But '
some thmgs are better than others; that is; they have mot ~lity. But when you try to say what the

quality is; apart from the things that have it, it all’ goes E ,,7 There’s nothing to talk about. But if

" you can't say what quality is, how do you know what it is; ¢ T hovy/do you know that it ever exists? If

no one knows what it is, then for all practtcal purposes it d yesn’t exist at all. But for all practical pur-

poses it really does exist. What else are the grades based on? Why else would people pay fortunes for

some things and throw others in the trash pile? Obviously some thmgs are better than others . . . - But

what’s the “betterness™? . . . So round and round you gfo spmmng mental wheels and nowhe ﬁnd-
.ing anyplace to get tractloh What . . . is quality? What is it?

| (Robert M. Pll’Slg Zen and the Art of Motarcycle Mamlenance)

l

Judging quality is difficult. Even so, we are contmually makmg quallty judgments—-about our

students and about the ins ructional mate.mls available to themm S
Often we imake 1ntuitiVe or gut feehng (subjectlve) judgments and they turn out to be quite

@ B

reliable; other times we apply objective; explicit standards Both approaches 1nvolve the apphca- o

tion of some criteria against which we are comparing the thing to be judged. The criteria

may be unconscious, forming the ‘basis for strong intuition; or they may be clearly stated even

systematlzed
“In an effort to help educatoxs make obJectwe judgments about 1nstructxonal products many

systems or models have been developed. Generally, these ask the evaluator to make qualtty Judg—
ments on a number of different charactenstlcs/of the product ' :

/

'
¢

>
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Most of -the models c.urr(_ntly dleldblC forjuc.gmg, or cvaluatmg materials would dlSo be use-
ful in evaluatmg computer-based instructional products, but they would need to be expanded to
mc.lude careful exarauination of some characteristics specnﬁc. to the computer.
ln the following pages we present a simple yet usable set of gundellnes for evaluating
wmputer-based instructional materials. It is nct inténded to be exhaustive; it presents only the

basic considerations showing onc ‘way to cvaluate and select computer- based instructor units for
powhle le%%l‘OOlﬁ use. : .
In this section, we- will focus speuﬁc..nlly on the isr :rctional dpplu itions Wthh fall into the
" first five categories of computer use discussed in Part II, 1nclud|ng drﬂl and -practice; tutorlal data
analysis, pro' .. m solving and simulation: ,

Figure 3-1 Imstructiond! dnjts in-the first five categories.
o ' ' ' - i
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Variety of Computer-Reiated Materials S

2‘ wrde variety of c'omp'u’ter relzited instru ‘l'o’nal applications is current]y availab'le from dif-
tions; a' llst is glven in Appendix Il. As an mdlcatnon of the volume of avallable appllcatlons a
study at HUMRRO in 1975 identified 5,659 ltems of computer-based curricular materials. The
19764‘d|t|on of the Index 1o C()mputer Baved Learmng docurnents and abstracts 1 837 items.

There is a wide variation in completeness, orientation, and usabllltv of the units currently
available. Comparing these units for selection for classroom use may be complicated by the fact
that the support matenrials provrded may range from a single program ltstmg to a complete volume

of workbooks manuals, and progiram gurdcs In addition, there are the computer—related consid-
erations to add to your regular set of criteria for Judg;ng th_e usefulness of materials for your
classes. For these reasons, selcciiiig computer-based instructional units can be a COmplicated and
u)nlusmL _lOb The procedure outlined here; .1owever 1s designed to make the prccess logical and

T eusy, since it concentrates on the basu, components and discusses the general characteristics
which contribute to their usability.

A Computer ad Instructicanal Experlence

Before begmmng to select computel based appllcatlons, you should have a clear tdea of

illustrated in Figu"rc 3-2. _
- pr— L S —————————— — — - — — - _ - _ Ny ””:’7 =
. COMPUTER-BASED INSTRUCTIONAL EXPERIENCE
COMPUTER SYSTEM i INSTRUCTIONAL UNIT
o C‘E'I‘P‘{“" . sf'???“
Softwara Programr R VMatenal ‘
— - N Mods|
Hardware . :
R & 2

Figure 3.~ Elements of a computer-based instructional experience.

As you see, there are two main parts— the computer system and the instructional unit:

The first component is the computer system—hardware and software. As discussed in detail in
Chapter I, the appropriate computer hardware (equlpment) and software (program and language
capabilities) musi be available to enable the unit to be used effectlvely or at all.

The lnstruetlonal unit includes a computer program, a model or algorithm around which the

Q
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uml is org..mlled, and, in som:: Lases; student l.nd teacher support materials. Very often; par'.cu-
larly if the unit was developed by a busy teacrer the unit Wlll mclude minimal, lf any, support
material. In such cases; the teachers who plan : the unit may have to expand or evei devel

op their own materials for cls-sroom use.
in the diagram of thc instructional unit (Flgure 3—”) note that the model is shown to over-

ldp with the program and support maternials; this is mtended to illustrate that the model is formu-
lated independently but is contained in the program and is described and explained in the support
inaterials. When considering a computer base i unit, all of these components of the computer-
based 1nstru(,tlondl cXperience must be cvaluated - the hdrdw re and software requirement and

the pi: agram, rodel, ind support materials.

The Process of Selection: Two Stages )
The process of seleetmg computer-based units can be disided into an intia! stage in which

deemons are usually dictated by basic; practical reqmrement and a final stage;, in which evalua-
tions and comparisons are more often based on personal likes an# dislikes or on accepted

___ Basic
Requirements

[CinmiaL
FINAL DECISICNS

_Personal

Preferences 4 e

Figure 3-3. Deécision siages ~initi i and final.

standards The first stdge is concemed wnth the practmul necessmes of whether or not a linit can
be used with the uvarlable equipment and whether or not it falfills the teacher’s basic require-
ments: the tedacher determines whether the unit is fundamentally usable and therefore worth:

evalutmng further. The second stage evaluates the more detailed aspects of the unit, and decisions’

arc determined by teacher preferences and personal or establi-hed standards

BEGiN?ﬂiNG THE SELECTIONPROCESS

The Initial Declsron o .
When you begm to select from among computer based umts the frst stage of your evalua-
txon will njturally fouls on determmmg whether or not the unit is usable on the computer you
have available, teachies what you want to teach, and has at least the minimum materlalsypuiqeed

to incorporate the unit int.. your class work. These basic considerations can be expressed as five
critical questions c7dncerning the computer system and the instructional unit:

1. Will thé program run on the hardware | haVe available? If not, can it be altered?

/
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[ 9]

Is the Idnx,uage available on my computer" If not, can the program be rewrltten in
an available language without destroying the instructional vajue!

3. Does the anit encompass approprlate 1nstructrona1 objectives, inStructiolrail
. strategy, and difficulty level for my purposes and my students?
4. Is the model used in the unit accurate and appropriate? If not, cx 1 it be rev1sed to
my. specifications?
5. Are the support mdtcrlals useful am| comple*e enough ‘to meet my. mlnlmum stan-
dards" lf not, can [ either prcmde the necessary revisions ot dev" lop support -

materials to my specification? - .

These preliminary tjuestions can bé called absolute decision variables, since a No answer to any

question will usually climinate the unit from further consideration.

The prehmmary set of decision variables can be illustrated in a tabte as in Frgure 33$ where
unlts are evialuzted on the five absolute decision pomts as NO; YES; or MAYBE (i.e. usable with

modifications).

o . POTENTIALLY USABLE UiITS

IN: Tll\L DECISION VARIABLES T — — e —
Unit #1_] Unit #2 | tnit #3 | Unit %4 } Unit #5
1. Will_program run on (’) < .| vee Fr VEG
: | " hardware? ;N‘,O YES YES YES YES
2.1 Ianguage available? v' YES | MAYBE ves |- (NO)
3. Appropriate objective, strategy o T
and difficulty levei? MAYBE | MAYEF | MAVBE
4. Is model accurate and VES . YES ( N’O’)j
a-propriate? - . e h o
5. Are support materials vee acS :
. L. sufficient? . I v G f Y :
PREL'MINARY DECISION REJECT FVALUAT REJECT ﬁEJEcr REJECT | °

Figure 3-4: Sample preliminary decision téhle.

By the time you h"we asked and answered all the prellmlnary questrons you may well have = .

tejected. the unit. But if the answers are all Yes or Maybe (as with Unit 2 in the example) the
ﬁnal decnsron will depend on how you rate the unit on the secondary characteristcs in the second

stage of evaluation, as we will s7e: -

1.winl Program Run on /-lérdware’ ,
It may seem biased (even heretical’) to focus on thc questron of hardware bcfore we have

consndered instructional obJectwes It is reasonable to do so, though; because the answer may

make the ﬁnal dccrswn at the outset. There is no point in making an exhaustive mvestlgat ion into
the instructional objectives of the unit only to discover later that the prograin requires a com-
puter with twu.e the capacity of your own and must run in lnteractrve mode while you have only
batch mode available. .

A math teadur or student; or someone else in your school familiar with tlie Iocal computer ’

o |
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familiar with your loca! computer. ~
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tauhtru can probahly glvc vou a qurck answer to this questlon srmply by looking at the program
listings for any units }ou wunt to consider: Or; e »apport ‘materials may provide rnformatron
about the sl7e computer and type of terminai required to run the unit’s program™* so that you can
Jrrdge from ynur own knowledge whether the p- ogram will run. This variable should invclve only

a Yes or No decision. ! g
%

2. Is Language Availablz?

The next most -::itical v riable is the prograniming language used; ar.d again, this cani be
answered quickly by someone tamrhar with your compitter system. By studying Appendix 1l
Kt,ys to Reorganmng,(:eneral Purpose Languages, you can probably det. .+ iine for yourself what

Ia’nguagc the 'p"r'o'gr;im' ii Written rn and then f'nd out whether that langua;,c 1 avallable

ot thc samc Ianguage but i1 most cases they are minor. Agarn you should consult with someonc

-

If the language is not available; a Iarger programmmg tdSk is requrred to convert the program
to a languuage that is Jlesdble If you have fic prograinmiing skills (or no timé) and no access to a
programmier, this probably means you will have to eliminate this application:

3. Appropriate Objecrives; Strategy; and Drfflcu/ty tevel?

Onee the practical hardware/software questions have been examrned you can begln consid-
ering ‘2 instructional validity of the unit. :

prmtc umts f'airly easi’ lf you want to tem ] erghth-grade students to recognize and define

o

Greek word roots for 4 umt cn English vocabular | for cxample; vou would obviously eliminate a

prog, am desrgned to teach twclfth-grade students Greek grammar or a program aimed at teachrng
the ¢ c.lopment of Greek culture;

rhe objectives of many units may be near enough to youts, i gcneral enough that somie

" modification in the unit materials, or even in the obJectrves themseives could tailor them to your

Q
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INSTRU(?TIC;%\ STRATEGY
The five us )I computcrs in the ﬁmt two categones of eomputer use, drscussed on pages

these for certarn toprcs er certdln students One drmensron of the student-computer interaction

you may wish to consiaer is the degree of learner control vs: compu T controI The five types of

applications can be arranged roughly along a control continuum as shown in Frgare 3- -5.
lmportant dlffercnc.es in teauhrng phrlosophy are demonstrated here. ‘With tutorial and dnll-
and pmetrcc plograms the student is asked only to respond to the information presentcd by the

*Sce Part I; pages 12-14.

kS
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. [ DRILLAND#RACTICE  —SIMULATIONS L
: ALY'IS -
o DATA ANALY™ ST INT-WRITTEN
I—Tu TORIAL |T'GAMES PRE-PROGRAMMED s:f: 7?:;’;0"\“"6
: PROBLEM-SOLVING ¢ AMS.
F — l — —
COMPUTER LEAENER

CONTROL . CONTROL

Figure 3-5: Control continuum for computer uses in instructional applications.

computer, which then judges the response and presents new informati~i. Games and simulations

add a dimension by mampulatmgthe data mput by the student accoraing to an intrinsic model
(qet of rules) and displaying an outcome that is the direct result of thc stadent’s action; thus the

student learns actively to exercise the model in order to control the outcome: Farther along,

when the student uses the compiiter as a tool to calciilate, analyze data or solve a problem he
controls the tool by providing data to get a needed answer. Finally, when he actually wri‘ss the

program; he is controlling the computer by providing not only the data but the program itself.

DIFFICULTY LEVEL
Appropriate “‘difficulty level” is another way of saying tnat your students will have all the
prerequrslte skills and knowledge require to interact with and learri from thrs partrcular

program-— —rudimentary typrng skills and appropriate vocabulary level, for example, as well as
knowledge. ofudents also shouid be capable of the level of behavior the program requires with

respect tc r\nowledge compr\,hensron appllcatlon analyS1s synthesis or evaluatron Probably

the best way to make a preliminary Judgment about the difficulty-of the program is to run the .
program or to examine a sample run. As an ¢t 3., suppose you wish to fi find a unit on peri-.

eters and areas of quadrilaterals for your sc . =-ade mathematics class. You locate 4 coimi-
puter program which is identified as dealing ....%» -y .drilaterals in geometry. Upon exainining a-

sample run, however, you Fnd that it was obvmusl‘ developed for wse with hlgh .hool stuc™ . is
who have had experrence wrth “pr oofs” and your students would not be able to use 1t You must

revrse the prozram; or reject it: You may decide agarnst other programs becaiise they are too

srmple or use wnuesccndmglv elementary lan‘,uuge or tone: In most cases; these considerations

will be less thai absolute. It is possible, for example, that a unit de51gned for ninth graders could
be used with tenth, eleventh or twelfth graders, or that a particilar business educatron unit
might be used just as effectrvely in a social studies class. The final decision must depend on the
match between the unit’s objectives and your own.

4. Is the Model Appropr/ate? )

Three of thie instructional modes we are consrdenng~s|mulat10n problem-solvrng, and data

analyS1s—are built around models. As part of your initial decision to accept or reject an instriic-

tional unit, it is important therefore to determine the appropnateness of the model underlying a
particular unit. -

In the case of data analyS1s the mderlymg model is mathemattcal or, more often; statistical
in nature: In other words; data analysis programs rnvolve using a data analys:s model to analyze
and rnterpret the data. When you have data you wish to evaluate, these models help organize

*hem in such a wav that relatronshrps exrstmg within them can be discovered. Suppose for ex-
ample, tha oy “eve conduried a sample survey to determire students’ attitudes toward school.

-
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not the sample 1$ bmsed, what attitudes are related to other attitudes, how strong these reldtlon-
ships are; and so forth. You are probably familiar with several data analysis models: Correlation is
one; the chi square test and t-tests are others. Most statistical niodels included in computer statis-
tical pddxdg,cs dre wcll aceepted w1thm the research commumty dnd yol can accept them as vahd
In dddition. thost Llumcnt.lry stilisticS texts conizin chapters devoted to the various statistical
models.

The role played by modcls in simulations can be depicted in the dizgram in Figure 3-6:

SIMPLIFIED MODEL

REAL WORLD OF THE REAL WORLD

Figure 3-6. The model reflects the real world in a simplified form.

Figure 3-6 @tlggests that any real world situation can be repreqented by a model The real
estate gamie called Monopoly. 4 Link Trainer for airpiane pilot training; 4 map of Minneanolis,
‘\(,1111119()1..; and i MlLkLy Molise cartoon film are all models of onz type or another.

Simulations are operating models of physical or social situations: The word model in the
context of sinulation 1mpllcs two things -first; that the reahty bemg represented 1s reduced in

size to manageablu proportlons and second; that oniy certain aspects of the real thing dre chosen

for mdston In other wordq reahty is s:mphfled )
Prohlun-solvmg models are usually qulte speuﬁL [:xamples would be the formula For con-

progr‘nn Most tL.thers will hnd it difficult to determinc -hat model is being used by lookmg at
a program . but it should be described m simple terms ir apport material. Pages 15-20 of the
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URBAN CRIME UNIT nrowde a good cxample of a verbally stated model. The more mathe-

matical statement appears on pages 34‘35 T
For another example, look at the socral studres unit called “Balance of Trade and Balance

of Payments reprlnted here in its entlrety t The support materials consist of a one-page cover-
sheet; a sample run of the program and a program listing: From an examination of these materi-
als, see if you can determme what model was u<ed.

You no dotibt discovered that the sample run gives the formulas USed to eomputer traide.

balance and balance of payments:
THADE SALANCE = EXAPORTS-IMPIRTS.

BALANCE JF PAYMENTS = ALL OUERSEAS EXCHANGFES+
ALL YVERSFAS EXPENDITURES. .

S i
This is part ol the modei. From a further examination, you can see how the figures circled below
were derived: ‘ .

PR

-

A: FOREIGN AID = -1
b: BALANCE OF TRADE = @

¢+ TRAVEL BALANCE =

- - -

BALANCE NF PHYMENT ‘-

The total for Foreign Aid is the sum of the two input values 12 and 13. Buiance of Trade was
slmply computed aecordmgto the fcrmula usmg the two 1nput values 256 and 23 Travel Balance
is the difference between the twé input values ’54 and 56. Investment Baiance is tiic dltferenve
hetween.the two input values 259 and 2!. To verify these cbservations, you can look at the pro-

gram listing shown in Figure 3-8. )

Thns then is the algonthm or model upon which this unit is based. The model is slmple. 't
is up to you to answer the questions: ) . '

1. [s the model accurate enouoh'7

2: Inan P*tempt to highlight critical relatlonshlps has the model been too srmple to
7 represent reality accurately?

3. Is the model too complex to allow the student to x -ognize relatlonshnps?

4. Is the model complete enough to meet your objectives?

When using simulations and problem-solvmg models it i is only good teachlng to 1nform stu-
dents of the nature of the model they are interacting with—that it is & a simplification of reality,
that many faetom may have becn lgnored and that the moc-l determines all output fron: the

computer. Students may wish to investigate the assumptions ofthe model to determine its validi-

‘A'vijiliiblc l‘ro'm Drgntal l;qqiipmeng Cq:porauon; *Huntington 1 Applications Programs—-Social Studies.”
+Available from “igital Equipment Corporation: *“Huntington 1 Applications Programs-Social Studies.”

o
<



Ji

R ——— o ooy . o
SURIEC, —bi: m_wuimwfjt
ENCE OF PR AT BARNES OF
PAYMENTS
: " PHOGRAM MME_biiAN
DESCRIPTION: )

Thxs program. dcmonslratrs !hc dl(lllnf‘tmn brlw rn "halnncc o{ lradc"
1nd""balancp of payments.”"  Also thown are the components that make up the
"halance of payments'’ accodnt, and theif individual impacts,

0BJ.CTIVES:

A Tormphamethe xmportanldunncuon betuccn"lsal..nce u!Tndc. and
"' Balance of Payments,"

ﬁ. Tu dcrm;n:irm the impact of any upetlﬁc {nrmgn cxpcndnure on our
" Balance of Payments,”

PRELNH!:\RY PREPRRATION v

A Studeol must ahtain data lor camporents of balance of payments for a given
yrar Andveauntry,

!;. [T)j,qr,;mjnn, of the cancepts " halance of trade! and ' balance of payments'!,
would be helpful but are not necensary.

[ISE 3sION:
A Student fevel - average

B Curriculura location - advanced r‘conomlcs Unit on U. 5. Economy in thz
Yorld.

¢ This h'ru;';'rii*n miy be used either a8 a group exercise, or for individual study.

—

foaZ's ADISTMKTION BETVEEN TWADE EALANCE AND
FALANCE OF PAYMENT S, \
L " »

g e -
e .J.»LNNCE' 4 EAPQRTS-1BP0RT Sy

tnL"m.L 0} PI\YHLNT&! ALL OUEN.)EAJ LACMNGI’.)‘
ALL OVERSERS EXPENDITURES. . ’

Vi LAFORRATION T4 HEWUESTED, - INPUT-VALUES IN-
MILLIONS OF DOLLANS (E.Go § w 6 MILLIOY NOLLARS)

[T
lNr‘Ul I\ H(:U:l}. Fln.af FON ﬂLL NILXTAM’ MU: InhN
EOd ALl OTHEH AID 10 OTHER NATIONS.

12:1)

Bl : B
INPYL A FIGUREFLioT FOR EXPORTS, THEN FOR {MPORT . ¥
1 256024

Qo . ' s l \
INPUC l\ HhUﬂh HIISI FOﬁ FOﬁEIGNEﬁS TMVEUNG IN

00 CODATRY, THeD FOH YOUH COUNTHYMEN THAVELING

AEROAD.
1 23436
INPYL_o FIGUME_FIBST 02 INCONE_kutt) FOREIGN INVEST- .
VENTDs THEN FOI FOMEIGN 'RVESTMENT 1VSELF.
T aviag)
Ao FORELGH ALD = ; 25
B I 1
B- ‘I’LﬂNCL OF Tr(ADl-. L] 23]
C- moWEl. BALANCE 8 t1]

D LiVESTAENT DALAWCE = 236

«n

emtewmwame P

BALNCE OF PATNENTS = [

i WERs-IF A- HINU. FIGUAE APPEARS ABOVE.YOUR-
COU Tt HAS A um”x 11T amuca OF PAYNENTS)
"no YOU UNDFr .vp r:
EOF THAL:
ET IR NOW.

'llSTlNCﬂ'JN BETWEEN. THE
W CALANCE OF PAYHENTS

abhY

0 Cupyripht 1971;‘ Polytectinic Institute of Brogkly

N\

Figure 3
Piythents™ unit,

*

-7. Cover sheet and sample run of program BALANC from “Balance of Trade and Balance of

BHILNJdWOD DNILDFIIIS |

€8

3
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| NEMPROGRAM BY J.VU.SWARTZ,. HALF HOLLAY HILLS: 7788 - ‘2
S PRINTUTHERE'S A DISTIZUTII)N BETWEFN TRANDF BALANCF A\M"
7 PRINT"BALANCF OF PAYMENTS.' ' . H
8_PRINT_____ ___ _ [ J i
10 PRIN‘["TRADE BN.ANCF = EXPORTS-IMPORTS."
R 15 PRINT . __ Ll ) ,’\ .
- 20 RR!NT"BALANCF ‘)F PAYMF‘JTS - AJ,.[.. AQVERSFAS FXCHAV. -
/' 22 PRINT"ALL QVERSFAS FXPFNDITIRFES." Computes rorelgn aid (I-’) By
23 PRINT S . computing the sum of ali
25 PRINT "VHEN INFOBMATION IS REQUESTRDN. INPUT ‘s ~ 1N" military aid (F1) + aid to
27 PRINT “MILLIONS 2F D)' (LARS (E. G- A o= & MILLT -« L ARSI —
30 PRINT . , other _nations (F2). a
33 PRINT "A." . . -
35 PRINT"INPUT A FIGURE FIRST FOR ALL MI' ITARY AID, THEN" | —

36 PRINT"FOR AL' . .FR AID 19 ATHER VATIIVS."
45 INPOUT_Fl. . Computes_balance of trade
50 LETF=Fl+FPR (S)_by subtfacting imports
;: gg::} “Ha " R (52) from exports (S1).
55 PRINT"INPL' 4 -1 'RE FIRST FOV FXPORTS, THEN FOR TMPORES:" ;/
65 INPUT. S1,S2 ’

70 LETSe51-52
72 PRINT

;fomputes travel balance (T)

7 PUT A FIGURE FIRST FOR_ mnmm:r-:as IBAOELIMC 1N by subtracting countrymen '

T 76 PRINT"YOUR CO!JNTRY. THEN" PR YOUR CO!''NTRYMEN TRAU-LING" tr B abroad (T2) from
" '

77 PRINT“ABROAD. foreigners tmvelihg in your

90 LET TeTi-T2 - N
92 PRINT .
. 93 PRINT "D." . oo L
« 95 PRINT"INPUT A FIGUAE FIRST FOR INCOWME FROM FOREI "V [NUEST-") Computes investment bal- .
96_PRINTI"MENTS: THFN FOR FORFIGN- Wursww'r I TSELF." ance (1) by subtracting £ .
:?g. :;iur :: ’ :2 foreign investments_(I12).
=11~ oTe’sr lnvestmenis-(ia)
i 115 LETPe=F+5+T+} - y l‘,‘f‘,’ﬁ'ﬁ,?,‘??f’,’“? [from. foreign |- -
117 PRINT nvestment (l1).
118 PHIN :
120 il Ll
125 .. Computes balance of pay- y -
130 PRINT "B. BALANEB nF TRADE =05 - ments_(P)_according to . _ ;
140 PRINT 16Emala; Té find balatce of
i 145 PRINT "C. TRAVFL BALANCFE =",T " piyments ¢P), subtract
. ’5 150 PRINT B _ i fopelgnraid (D 1.om thC sum

.

“A. FORELGN AID =",F

"De . Bhadah
;Z; :g;:; D. INVESTMENT BALANCF =*,] ‘ of balance of trade (5
160 PHINT "evececcnawa LTI S ey B travel halance (T) + lnvest~ . o
162 PRINT ) : ) ment balance (I). So:
170 PRINT "BALANCF NOF FAYMENTS i";P : P=-F+8+T*+L -
171 PRINT . __ _ _ i -
132 PRINT" (REMEMBER; _IF A_MINUS FICURE APPRARS ABIUF,7IUR™ .
113 PRINT“COUNTRY HAS A DEFICIT IN ITS BALANCE NF PAYMEVTS»" . : -
181 PRINT
185 PRINTI'HIPE YOU vmorns-rmo _THE_DISTINCTION BETUFFy Ty \/
186 PRINT"BALANCE OF TRADE AND THF aauwcr"or PAYMFNTS"
187 PRINT"BETTER NOWw."
190, END -

L

Figure 3-8. Program listing for BALANC with explanatory comments

ty for themselves. In fact, a good deal of deductive léarning takes place when sti*dents are al-
lowed to build their own models or improve upen models developed by others.

On the following pages is another example of how a model can be descnbed It is taken

from “"c Huntmgton II Sxmulat:on Program POLUT *
Is the description ‘of the POLUT model informative enough to determme the approprlate-

-

ness of the model? -
* Availablé from Digital Equinment Corporation.

°
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The defhing exuatiomnd the constots used b he model wre o oo | |
WL - DI - MWL i '
dt .
WIO « DN 9
My - DL-WW i
@ (

&« X -NWIIENE g
dt .

W +W2 "o
X0+ - DifC ) b
Noenm o
M= G G i wes,
of 095 for sewaye

Wil = o o
o= 2 i
0.4 for pond ,
¢ =] L0, lake (1
L3, ilow tlver ’

3.0, fast river’

“il - waste duo to natural pollvtants (dead Hsh, feaves, ele.) tn
,  Perte per million (jpm); |

1

W

"

ﬁisie due to ﬁumani (ﬁ ppii),

DI

n

rte of ineetion of saturl poluens (i ppm per day).
B [
D2 = rate of inecten of biman poltans (i pors per i),

- N = vaste decomposition coetficlent for natural wastes

!

| Value 36 the decoaposition coefficient for natural vastes, The val» uf §
Is considerably higher for sevage than for industrial vaste.

._ ) !qua!igﬂﬂtl!eathatthedissolved oxyien_Jevel of 7 bodv o w.lat

1 = waske decomposiion coetficént fr i3 vactes (séiage cr
industrial).

i & diésoive& oXyget ié\'réi (i ppn;
X0 = il i level {foncllan o temperature] {in ppm).

W = fofal waste in waler (v ppm),

C = rae of dhsorption of oxygen in waier (in ppm per day),

;
A

-Eqydtion L states that the change {n the snount of natural pollutants
In thpruater eom day to day equals the rate at which natural pollutants
are /bjected uinus the rate at which these jollutants are decomposed. Norice
that the vaste due_to_natural pollutants 2t any tim s conatant,. unless.the
tate of injection of natural pollutants changes vith tie [1,e.; ¥ = WL(D).
for all £>0). For this program, the assuaption has been cade that the rate
of genaration of nncural vastes {5 canstant throughout the yer, but Equation
118 retatned in the event that a nora elaborate podel is desired at som
future tine. /

Fauation 2 enaures that the water avstly- {5 {n eoud Jibriuo at day 0
{oeny Usduss inagi vaoies vegin pUsiuilig Lok marer' s :

. Aecording to Equstion 3, the chaige in the snount of humsn pollutants
n-the vater frod day to day equals the rate at uhich human pollutants ace
injecced.alnus the rate.at which these-pollutants are decomposed, HW2
Tepresents_the rate of decosposition. of human.vaste, Mote that vhen fhe
husan waste 1s sewage, the decomposition coefficient, U, tekes on_.n esde

changes fron day to day, depending on the difference betveen thi Lé-usation
level and the actul oxygen Level aad the rates at which maturil .
pollutants are deciaposed, It o sigrificant to note here the i ki, =i

tion level of disslved oxygen In watrr decrbases as the water ey <Eus

increases, acco;di‘,g to the formula:

e - 211318 for RETES0
11 - [(1-50)/9 ] for 50¢7 ¢50
" The graph tn Fig. 1 deplets this relatibic it

- ‘ Y

e 349, Dt of the POLUT model,(Continuedon e e

.
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-
The assugptiona undet which the nodel operaten are the following:
’. 1
A = - Lo The rate of generation of natural wastes and human vastes
El — 8 constant throughout the year,
;‘ -.\_ )
E ; o R IR 4 l‘hm:phaws1 nitrogen, digpolved foses; uu;p:ndgd mm
L . \ R IR S ate not {mportant (or, at least, not of {nterest, and
E , . N -l | not coupled co out. vardables),
bl = |
; - 3, Only natural mm axiut in thc body of vmr prior to .
§ ' : S B “the first day on which hugan pollutantl ace dusped {nto
RE z S N : ‘ the vater,
: .
"‘5 ‘ \\ ; S
( vl Sl . ] b, There 18 no {nteraction between natural and husan waste,
- R -
- 5, Natural vaste daconposes at the nane rate as sevage,
] Co ot .
oL 3 ¢ { [

|

0 W0 0 0w - 0

water teaperature (°F)

Fis L Vater timpiuture V6, ntuntion
Level of dissolved oxygen {n vater

Equation 5 states tat the tolal waste In the water 18 the sum of the
natural and huran wastes in the water.

Equation 6 states that at day 0 (l e., before human wns!es begln
polluting the water) the lavel of disaolved oxygen in the waler 1s less
than the saturetion level of dlssolved oxygﬁn In water by the amoust -

" required to decomposa the natural waste,

Equatlons 710 state the constant values Ior waste decomposltlon
coeﬂlclents, lnlial humnn pollutants, end rate of lnjectlon of natural
pollutants,

... Equatlon 11 stetes the rates of sbsorption of oxygen fn water for each
type of body of water, dn effect, the varylog constants veflect the effect
of murface area or speed of the body of water on oxygen absorption,

6i The rate of vaste deconposition {a nat dependent on
vuter temnarature, .

The rate of-vaste. deconpoaition {s {ndependent of the
ofygen Jevel In the water,. Xa the oxygen level falls,
anaerobic organisms begin to take over waate decomposi-
tion and maintain the saze rate of breakdown,

1

B ﬁa-re  are no. differences in {ndustrdal pollutasts_{e.g:,
no dif ference §s acknouledged between the vastes from ]
vegetable cannery and those fron & chendcal plant),

9. There are n0 seasonal vaations {0 the watet boty.

(_iin'é Hah (@eiéh;.iiﬁui,’.ifi.’) die or leave the area
vhen the oxygen level drops below Sppe.

1

Figur 39, Contnued
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When examuung the model used as a basis for : a unit; you will want to make your own sam-

ple runs of the program. Once you have inferred the model from the program or descrlptrve ma-

terials, you will evaluate whether:it is approprlate for your classes whether it might be modified,

or whether to reject it as inappropriate.
Do not become dlscouraged if you have drfﬁculty in evaluatmg a specific ‘model. It is diffi-

cult, and there are no simple; easy-to-follow guidelines. Evaluation procedures range from highly

complex mathematical measures to gut-level feelmgs\

. A
5. Are Support Materials Complete Enough?

The minimum standards for the completeness of support matenals will vary from Eeacher to

teacher You may be a teacher who rejects the approved course textbook and instead creates

curriculum materlal from your own resources to meet your standards and objectlves If so, you
may prefer to use an instructional unit which includes only a computer prograimi, so that you can
develop your own materlals and modrfy the program as you-see fit. Or § ou may find that de-

mands on your time and energies prevert you from developing complete new units but that you

have trme to modlfy cor expand a unit if certain basic materials exist: Fmally you may be a busy

teacher who can use the computer only:if good; complete support materials are avallable

Some features of support materials to consider in setting minimum standards include:

Statement of 1nstruct|onal objectlves
Descrlptlon of the algorithm or model used in the | program;

" Rationale for using thc computer as the medium for this instruction task;
Prerequisites and preparatory activities;

Sequence of classroom activities 1nvolved in using the program
Followup actlvmes

Pretest and posttest;

Student manual and/or worksheets;

Teacher’s guide;

10. Resource guide (with background information, text references, etc. );

! l . Program llstmg, :

12. Samyle run of the program.

X0 0010V UV Wi

Your may want to add other features:

As an exercrse use a form lrke that in Flgure 3- 10 to llst the features ofa computer-based

Makmg the Initial Declsuon :
Once you have determlned your owil mmlmum practlcal requlrements and decided whether
a unlt meets them you probably w111 have made a prellmmary decrslon e|ther to re_|ect a grven

Maybe you can base your ﬁnal decrslon on the remaming secondary cntena whrch we drscuss‘ in
the next section: If you have answered No to any of the five questions, you probably plan to
reject the unit. For example If you are reviewing eight units and have answered the five- questlons
as in Flgure 3-11, you will know what to do next. (Remember, you answer Maybe if you or

someore elSe can revise the unit to make it acceptable.).
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o

WRITE YOUR OWN LIST

10 . ) ;
11. |
12
13. “
14.

15,

Figure 3-10. Minimum requ.rements list.

5

In the case of Umt 7 you may decide to reiect the unit at this pomt if you know you don’t

have the time or resources to modlfy it to change each Maybe to Yes:

Now you are ready to consider the remaining varlables in evaluatmg a umt and then make
your final decision. But for practice; you should first evaluate some sample umts in terms of the
» five initial decision variables, deciding whether or not:

1. The program will run on the hardware you have available in your schoot;

95-
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POTENTIALLY USABLE UNITS _
Unit #1 | unit #2 JUnit #3 [ Unit #4 | unit #5 | Unit#6 | Unit #7.

INITIAt DECISION VARIABLES

1. Will program vun on NO VES | VES YES ves | wmavee | mavee
2. Is language available? YES mavee | ves *| (WO) ves | wmavse
3 e Cplactiva, strategy MAYBE | MAVBE | mAvBE ves | mavee
‘4. |s model accurate and VEG vEG 7N . U
_ appropriate? VES YiS @ MAYBE MAYBE
. Ar a s y \ I
S R apant watara VEs 1| e | oonvee
PRELIMINARY DECISION REJECT EVALUATH ReJecT | REJECT | REJECT EVALUATHEVALUAT
. . _ | FURTHER] - C ] HER | FURTHER

I

" Figure 3-11; Completed preliminary decision table:

The language will be available on your system
The objectives, strategy and difficulty level are approprlate
i The model is dpproprlate

v PN WD,

If 'you cannot determine; at present whether or not the hardware or language requlrements
are. dpproprlate put Maybe in the column When yotkhave finished your initial evaluation of the

'THE FINAL DECISION
The Final Variables

ments for objectives, materials;, and mondel; you will be ready to evaluate them on the 1 more de-
tailed points which remain: . : .

1. The extent to which the unit enharices, extends, of enfiches your own instructior;
2. The extent to which the unit is “student proof”—that is, capable of handling inap-

7 proprlate lnput ‘poor typlng, smart-aleck responses, and so forth
3. The extent to Wthh the mput and output are user orlented that is, simple to

4. The numbel of varlables that are dlrectly controllable by the 11ser;
5. The number of different options for classroom use;

6: The time and cost involved in using the unit:

As you examlne each unlt you will probably find that you cannot make an absolute judg-
ment of the unit’s acceptabrhty in each area; but that you will rate the unit for each variable and

the ratlng will give you the basis for your finat decisions:
Let’s examine some examples which illustrate each of the above vanables with various

degrees of acceptablllty

100U
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1. Extent Unit Enhances Instruction

Sometimes there is a temptation to use the computer as an 1nstructlonal gxmmlck that i is; to
use computer -based curriculum units simply because “the program works.”’ Indeed; the machrne
is a fascinating innovation in teaching. It may take some time before it is viewed with the same
casual objectivity as a movie projector or tape recorder: In the meantime; teachers must con-
stantly ask themselves; Can I teach this concept or skill as well or better without the computer?
Does the Computer based mater1al enhance 1nstructlon'7 As you examine a unit, notice how it was
desrgned to extend the teacher’s presentation of the topic by means other than those available in

.the traditional classroom.
Before rating a unit on its capacity to enhance institution, consider these questlons

1. Which skiiis or concepts is this unit designed to enhance?
2. What Special opportunities for improving these skills are provided by the unit?

3. Could these opportunltles be provided by conventlonal 1nstructlonal means?

Examme your sample units and obtarn your own sample runs. Try to rate each one for its capac-

ity to enhance instruction; using a numeric scale such as:

1 = very poor
2 = poor
3 =good
4 = yery good

Put your final ratlng number in the space. provrded in the dec1snon table in Frgure 3-24 on page’
105.- . _

2. Extent to Which Unit is ‘Studént—Proof’
A program not carefully designed to handle typical student-user problems could well

take up undue tlme for both_student and teacher and contribute more to confusion than

instruction.
There are three typlcal areas where students encounter problems usnng computers—)

They commonly do not grasp the range of acceptable responses for a program and often enter
input which exceeds program limits (too iarge or too small) (2) Some cannot read sc16nt1f1c

notation, which is the way large numbers are commonly output by ‘the computer. (3) In cases

of division by zero; incorrect format of mput entries, and so forth, the error messages printed

out by computers are typlcally unclear to students.
Programs written for student use should be desrgned to circumvent these problems. When-

“ever the student enters input which is outside the acceptable range, the program should print

out a message clearly explaining what is wrong and how to correctvlt POLUT* is an example

of a program designed to take care of the full range of possible input. The student is asked
to input the waier temperature for the body of water he is studying. The excerpts from the
PCLUT program run in Figure 3-12 show what happens if the student enters a temperature.
below freezing or above 90 degrees—c::tside the allowable input range:

*Program used in Huntington 11 Simulation Program —POLUT; available from Digital Equipment Corporation.
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T T

BODY OF WATER? 2
iHATER TEMPERATURE? 97 ' )
THE WATER TEMPERATURE IS HIGH ENOUGH TO DESTROY MOST LIFF‘-

TRY A NEV TEMPERATURE:
‘UATER _TEMPERATURE? 22

YOUR BODY OF WATER 1S A BLOCK OF ICE. AND CAN'T

ACCEPT ANY WASTE. TRY A NEW TEMPERATURE. -

WATER_ TEMPERATURE? 52 .

KIND OF WASTE? 3 -

KIND OF WASTE?2 , A

DUMPING RATEZ& - v

TYPE OF TREATMENT? 2 :

TO SAVE TIME, 1 WILL SIMPLY PRINT ? AND YOU_CAN TYPE_

~ IN THE VALUE OF THE LIGHT INTENSITY YOU HAVE SELFCTED. -
AFTER_YOU HAVE FINISHED TRYING DIFFERENT VALUES, TYPE .
100 AFTER MY 2 o« . < .

N

- 167 . . =
W ysSE ONLY UALUES BETWEEN O AND 60.
. 20K. THANKS 54
’ P= 92
20
P=_ 0
*‘?,,5, ' :
YOUR VALUE CAN NEVER BE LESS THAN 0
20K» TRY -A43

o P=s ‘122 .
-265
,BSE ONJ.ULALUES BE]'WEDJ o AND 60- .

Flgure 3 I3 Excerpt from PSYFC program run.

In the sample run of PSYFC * Figure 3=13,.lo0k at the way the program handles inad- -

: mrssable erltlles
The program CRIMEX, from the Northwest Regional Educational ¥ abratorys URBAN

CRIME UNITT is also designed to alert the student to input thatis out51de of the aﬂowabie
range. - >
) *Program used in REACT/Tecnica unit “Photosyntiiesis™; available from Tecnica Education Corporation. -
’ 1t Urban Crime Umt Computer Technology Program, Northwest Regronal Educational Laboratory. Portland; Oregon, -
1977. . . ; .

- L . ° R

ERIC

Aruitoxt provided by Eic:

U
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DO YOU WANT TO CHANGE THE VALUE OF ANY NOF THE CONDITIONS? YFS

.
-

ENTER PRECINCT, -ITEM NUMBER AND NEW_VALUE. FOR EXAMPLF lF YoUu
WANT TO INCREASE THE NUMBER OF POLICE IN PRECINCT 3 TO A A
TOTAL OF 240. YOU WOULD ENTER 3555240 AFTER THE QUESTION »
MARK 1S.PRINTED. er-:vv YOU HAVE Mo MORE CHAMGPS TO MAKE,.
ENTER 0,0.,0

’10102500
'i?e.e.{_ _
™= 9 15 TOO DRﬁSTICl MAKE CHANGE SMALLER.

?3,8,6 [ .
6 _ _1s TOO DRﬁST!Cl MAKE CHANGE SMALLER..

?30806-7

- d.73:9:86 o '
"*THEBE ARE ONLY EIGHT conm'rrovs THAT YDOU MAY CHANGE.

- 23,3,3

762153700 o

THERE ARE ONLY FIVE PRECINCTS IN THE CIIY- .
7252153700 - -

3700 1S T00 DRASTIC! MAKE CHANGE SMALLER.
?75,1,425%0 . -
205050 o

Figure 3-14. Excerpt from CRIMEX program run:

Some programs are designed to handle mappropnate or mlsspelled input by prmtmg out -

responses such as:

WHAT?

PLEASE ANSWER AGAIN> CORBECTLY

Oori
EITHER YOU ARE GOOFING AROUND OR Yéﬁ NEED 710
PRACTICE YOUR TYPINGs ANSWER THE auzsrxou
AGAINs TYPING CAREFULLY. B

Many computers prmt out large numbers in sc1ent1ﬂc notatlon > For example, the number
10,026, 771, 000, ,000 would be printed as: :

ﬁv"or ' 5
Wh]Ch is ‘llkely to confuse g student not familiar w1th the nofatlon There are, in fact ways

to write programs to avoid this kind of notation; 1f you can run the program yourself, be sure
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social science unit; for example the unit mrght very/well be given a lowet rating under student-
proof :

put in an. mcorrect fonn try to divide by zero, ‘and so forth a message will be ﬁrnted out ex-

plaining clearly what is wrong and how to correct the input errdr, so that students will not

be confronted with confusing system messages like ?? or EXTRA INPUT—WARNING ONLY,

Now examine the sample units you are using jn thrs course and make as many runs of the

programs as you need to in order to determrne how student proof they are, rating each on the

which does notexplam what mjstake was made or how to correct it: .

scale from 1 to 4: ‘ : :
I = 7ery poor :
2 = poor ”
3 =.good -
4 = very good

Y

Note your rating for each program on the decision table on page 103.

3¢ Extent to Which Unit is User-Oriented
o :fhe questlon of how user-orrented a unit is can best be answered by exammlngrthe mput

and output in a sample run: It should be made clear to the user what input is required and in
what format The output should be self-explanatory, br1ef and succmct A delrcate balance 1s re-

‘consuming printout. Some examples of mput and output follow with brref discussions of the1r
user-orlentatlon features:

To start wrth read through the complete sample run ofa program called SPAWAR* (Frgure ,

print out, wrth about half of that time belng consumed in printing the diagram of the planet and

the space ship.,The length of this material §u§'gé§f§ that the program would be more effective if it
could be run on a drsplay type terrmnal which outputs ‘much faster than a teletypewrrter Even )

on a teletypewrrter however, time could be saved if the dragram of the planet were printed in the
student s manual ln thls case the teacher could have the program revrsed to exclude the dlagram

,,,,,,,,,,,,,,,

Consrderable prlntlng time could be saved lf the form of the quéstion’were shortened after the

ﬁrst rteratlon the form of the computer 5 answers could also be shortened after the t“rst response

,,,,,,

total time; saving two or thlee mmutes of prrntout may not make much’ d1fference

One addrtlonal comment on SPAWAR’s user—orientatlon Notrce that the explosron distances

~are prrnted out in thé fonn . _ , R
88:916*1012

*From Space War unit, available from Project SOLQ, University of Pittsburgh.
= . LY N B
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GET= SPAVAR
RUN . L JE—

»+ AT WHAT ANGLE PO YOU VISH 10 SEND

- SPAVAR
S YOUR PHO TGN BOHB?
SONZWHERL ABOUE YOUR PLANET 1S A ROMULAN SHIP. 71

. TMIS_5H1P_15_iN_a CON ORBITe IT+5-—-- 7100
- DISTANCE- FROM THE CENTER or YOUH PLANET IS FROM.

10,000 70 30,000 MILES_AND_AT 1S _PRESENT vELOCITY CAN -——
CIRCLE \’OUR PLANET ONCE EVERY 2 TO 36 HOURS.

191! mHB ;xn..on:n Bl 93!2 «1012 MILES FROM

. THE ROMULAN SHIP
' leRTlNATILY THEY- ARE_USING-A-CLOAKING-DEVICE so -

YOU ARE UNABLE SEE THEM, . e
- HOUR 3-———, AT WHAT ANGLE DO YOU VISH TO SEND

PHOTON- BOMB EXPLODED. YOU' HAVE s,tvmf»guns uuru. THEY YOUR PHOTON BOMB?

) | HAVE BUILT UP SUFFICIENT POVER IN ORDER TO0 ESCAPE X N N

v YOUR PLANET'S GRAVITY. HOW_FAR OUT DO YOU VISH TO DETONATE IT7 5
7100

YOUR PLANET HAS DNOUGH POWER TO FIRE ONE H)HB AN H)UR-

UR YOU- WILL-BE-ASKED 70- 61vE AN| | YouR—PHOTON
aNGLE- (arrul:l:u o AND 360) AND A DISTANCE IN UNITS OF THE ROMULAN SHIP

S35 «1012 MILES FROM
100 MILES_CBETVEEN 100_AND 300), AFTERWHICH YOUR BOMB!S -
DISTANCE FROM THE ENDMY SHIP wILL BE OIVEN.

HDUR 4_. ..., AT _WHAT ANGLE DO YOU ¥VISH TO SEND .

M. EXPLOSION' wiTHIN $,000 MILES OF THE ROMULAN SHIP YOUR Pmmn BOMB? -

vILL DESTROY IT. 8. ___ -
f — - — HOV-FAR ou‘r DO YOU VISH TO DE NA'rl: 13 °

BELOV IS A DIAGRAM TO HELP YOU VISUALIZE rOUR PLIOHT. 1100

i YOUR_PAOTON BOMB EXPLODED 70.506 1012 MILES FROM
THE AOMULAN SHIP

[
HOUR S _ . A'I' VHA'I' mm.l: m YDU WISK TO SEND
\’OUR PHOTON BOM

KXXXXRXXNXXX

: o _XREXXRXXAAAAXKX _ Qo WO¥_FAR 00T 00 Y0U 9IS TO DEFONATE i3
R 3 7100 .
* | 180<e 0009 RAHXEXXXKXKIAXKKAXK 000000 =un0 YOUR PHOTON BOMB EXPLODED 67.6104  *1012 MILES FFOM
Lo 0000 REHAXDOOAAXXKAAKAXAAK 0000 - . THE FOMULAN SHIP
- . 0000 XXXXXXAXKAXXXXXXXAX 0000 -
Y0000 XXXXEXXKXXXXXXXXX __ 0000 : -
00000-  XXXXXXXXXXXXXXX 00000 HOUR 6 —-» AT-VHAT ANGLE DO YOU VIS TO SEND
. 00000 XXXXXXXXXXXXY YOUR PHOTON BOMB?
o 00000. . .. . g . o
¢000000 - 00CO0O HOW FAR OUT 0O YOU VISH TO DETONATE x-n &
. . 00060000000000060000C 1108
“ 000000000000000 B
" Lol Ll -
: : 270 YOUR-PHOTON BOMB EXPLODED 61.7247  ¢10+2 MILES FROM
: . . THE ROMULAN SHIP .
- . X = YOUR PLANET o . o
O - THE ORBIT OF THE FONULAN SHIP . . HOUR 7_....» AT_WHAT ANGLE DO YOU WISH 10 SEND
- - - YOUR PHOTON BOMB?
N THE_APOVE DIAGHAM, THE FOMULAN_SHIP IS CIRCLING P9
‘ COUNTERCLOCKWISE -ARDUND-YOUR PLANET. PON®T_FORGET - #U_FAR GUT DO YOU WiSH 0 DETONATE itr
MITHOUT SUFFICIENT POVER THE ROMULAW SHIP'S ALTITUDE 7118
AND ORBITAL RATE WILL REMAIN CONSTANT. = - )
mon LUCK. THE FEDERATION 1S COUNTING OV Y0U. @ ¥OUR_PHGTGN BOMB CXPLODED 59. 3767 +i012 AILES FON -
P THE ROMULAN- SHEP . e
N I 4 R ] R YOU HAVE ALLOVED THE ROMULANS TO ESCAPE-
WOUR 4 ———» AT-WHAT ANGLE DO YOU WISH TO SEND ANOTHER AOMULAN SHIP HAS_ GONE INTO GRBIT.
: YOUR PHOTON BOMB? DO YOU VISH TO TRY TO DESYROY IT? .
2O e N0 :
fou ran OUT DO YOU WISM TO CETONATE IT? PLEASE LO0OUT
710 - -
. DONE
: VOUR. PHOTON BONMB EXPLODED 88.9i6 _  »i012 WILES FRoM
Ve <HE ROMULAN SH1P ,
iguré 3- 15 Sample run of SPAWAR. ‘
. .
t .
" " L] -

ERIC

Aruitoxt provided by Eic:
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HOUR 15 AT WHAT ANGLE DO von wISH TO SFND
YOUR PHOTNN BOMB?

W0

HOW FAR OUT DO YDU VISH T0 Drrovarr 1T?

7100

YOUR PHOTON BOMB EXPLODFD 88.916 $1012 MILES FROM

THE ROMULAN SHEP

ANGLF. FOK HOUIR 2 21

DETONATE AT 2100

EXPLODFD 81,9322 #1012 MILES AWAY

ANGLE . FOR - HOUR-3 ?3 ]

DETONATE AT ,2100

EXPLODED 81.9322 1012 MILES AVAY
ANGLE . FOR -HOIIR-& X3

DETONATE AT 2100 e e

e e e — . ————

Figuré 3-16. Shortened ségment for SPAWAR..

Some students may not know that this means?

. §891.6;

Therefore this niimeric form should bé explalned in the student manual or the prlntout.

Now; read through the run of program WEATHR* shown in Figure 3-17. The prlntout

looks relatlvely economlcal and clear: Notice; however; that there are no directions telhng the

user what form to use for 1nput such as “When entering the dnfferent statlstlcs for the two days,
enter one-number, use a comma, then enter the second number.” ln the sample run, the user
seemed to use the correct form automatically when entering temperature and barometric pressure
but look at hnes9 Il

BAROMETER TENDENCY (1=RISING, 2=FALLING, 3=STFADY):
71 -
221

The user entered the barometnc tendency for only day, 1: The computer needlng a second entry,
pnnted out two questlon marks. The user resporided to the compiter’s 7? by repeatxng the ﬁrst

entry, At thls pomt the computer has two numbers Wthh tt 1nterprets as the tendencnes for

for inputting data. )
 Looking back at the WEATHR printout, .what do you think of the format for the forecast?
Is it easy to read? Is it too long? Does it provide just the forecast information that might be

necessary; or does it show too little’or too much?
When a program generates a great deal of information, particularly as extensive tables, it can

often be made more usable by providing optlons as to how much information is provided: In the

-

*The unit materials for this program aré available from Minnesota Educational COmputiné Consortium.”

[ X
c
SR
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GET-WEATHR
RUN .
VEATHR ! , -
c S -

TH[S PMGRM UILL ATTDtPT ™ PRED[CT TOHORPQVS UFATHER lF
GIVEN _THE YEATHER STATISTICS FROM THE PAST TW) DAYS.

- SEASON ™
?SOMMER.. . ____ - .
TEMPERATURE ;
276, 75 .
BAROMETER
129, £9.5
- - BAROMETER TE..DENCYCIwRISING,2=FALLING, 3-STEADY) t
71 .
271 -
RELATIVE HUMIDITY )
725,30
Ny - - CLouUDs¢ l-sTRATUS: 2= CUMULUS, 3-CIRRUS)
21 .
271

CLOUD COVER(PERCENTAGE) N

735,30 - ) o :
" "WIND DIRECTION ¢1SNORTH» 2#SOUTH, 3=EASTs 4s=VEST)

72; *

~ WIND SPEED .

’ - . }- s.i0 . .

PRESENT SEASON IS SUMMER

FORECAST FOR TOMORFDWE

. - : TEMPERATURESS .
LOWS_TONIGHT BETVEEN 27° -AND 57  DEGREES

HIGHS TOMORBOW NIGHT BETWEEN 77 AND 82 = DRGREES . -
LOWS TOMORROW NIGHT BETWEEN 42 AND 47 DEGREES o - T

= ] BAROMETER 29°  AND RISING. L
HOMIDITY BETWEEN - 27.5% AND 32.5§ PERCENT _
CLOUD COVER_BETWEEN. 32.5 __ ___.AND 37.5 PERCENT

s CLOUD HEIGHT BETVEEN. s500 TO. 580 _FEET.

MAJOR CLOUD TYPE WILL BE STRATUS. ’ N
WIND FROM THE SOUTH FROM - -1 TO 12.% MPH
CHANCE_OF PRECIPITATIONG
TONIGHT 91 % T
TOMORROW 28 2 ’
TOMORAROW NIGHT 100 %

NRZCAST FGR ‘ﬂ)mRmQS VEATHER1

IT SHOULD BE FAIR TOFDRN')V- -

IT SHOULD BE WARMER TOMORROW WITH NO PRECIP[TAT!ON LIKELY.

DONE_ U e

- Eig’ure 3-17. Run of WEATHR.

the partwular kmd of calculatlons the program will perform, then (B) to contwl the amount of

data printed out
Another convenient user-onented device is illustrated by the CIVH:T program in F:gure 3—

19, where the user has the option of seeing the rather long description of the program or of

skxppmg it. Another txme-savmg device in CIVIL is that the listing of the 14 battles has not been

4 made a part of the progrzim run, But has been presented i m the student materials accompanying the

program:

*The unit materials are available in “Huntington I Application Pibéiz'lrhs'—Métﬁéiﬁitiéé;"‘ from Digital Equipment
Corporation:
TUmt matérials for CIVIL aré avallabie from anesotn Educattonal Computmg Consomum

ERIC

Aruitoxt provided by Eic:



HUN. .
HANK
. FINANCIAL PH)SLFMS

THIS* PROGRAM SOLUES THRRE TYPES )7 PHABLFMS:

T (1) INTEREST ON INSTALLMEVT. 8YINE

— (2) PAYMENTS IN LING TERM_LJAN
(J)IBALANCF 3F A SAVINES ACC)'NT

srase

THIS SECTIIN_WILL DETERMIVE THF ACTMAL INTFRFST YOI pay
WHEN v21 PORCHASE SOMETHING 3V CHEDIT.

WHAT S THE CASH PR[CF OF THF ART[FLF (S)?aHOQ;OR ’
DywN PAY”ENTV‘S)?ISOO - P
NiJMBER OF PAYMFNTS EXCLIDING THF DO o~ PAYMFNT2 28
NUMBER JE. PAYMFNTS PEH MINTH? |
AMOUNT PER PAYMFNT ($)?34.45

THE HATE OF INTESEST CHARGED WAS-47:3§ PFRCENT.
1E 3 ’

»

sssse
UO’&D YOU LXKF T0 RUV IHE PROPHAWQAFAIQ C1-¢FS, 0-VI)1?21
WHICH PHOBLEM WOULD YDU LIKE T2 WIRX WITH (TYP® 1, 2 IR 1)?2

sssaw

THIS SECTIIN WILL DETFHM[V’ PAYWFVTS FIR A E)VF ToHM LIAV.

WHAT 1S THE AMOINT BOHROWED ($)?5500
, INTEKEST CHARGED (23?4
INTERVAL_BETWEEN PAYAFNTS_(¥INTHS)I? §
TERM 2F THFE LYAM (YEAHS)?2

t?j;ﬁ67¥au WISH 17 SEF THE TOTALS VLY =~ INSTFAD 7F THF ©NTIpE
TABLE = CI-YES; 0-N93?0 . .

DUTSTANDING

WHICH PHOBLEM WO/ICD ¥311 LIKE T Wik ©ITH ¢Tepe 1, 2 9% 321 7

PUINCIPAL AT - - PRINCIPAL

- BEGINNING . INTEREST Due AT . PFRPALID AT
PER10OD OF PERIND : FND 2F PFRINN FND JF PFRIIN
1 5500 pLIY.X . . 212.08

2 §287.92 - 213.5

3 B 5074.42 214.92

4 . 4859.5 ‘21608

S 2178

é- 219.25

7 43061 - 220.71

8 ’ 3985.39 . 228.14

9 3763.21 N27.6K

10 3539+55
11 533144

12 3087.75

13 2859.58 7

14, 2429.89

15 2398.67

16 2165.91

17 193146 4

18 . 169573 237.485

19 " 1858+24 219.03

20 1219.25 ann. 6?

21 978.673 -
22 7364 -
23 492:86 o L2587

24 247.09 247.1

~TDTALS

YO!IH MINTALY PAYMENT 1:7% 248.75 AND TITALS ¢ 5970

Figure 3=18. Sample run of BANK.
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cIviL - s

D0 YOU WANT DESCRIPTIONS?YES

'I'Hls IS A Clvll— HAR SlHULA'I‘lON-if B

10 PLAY, TYPE A RESPONSE VHEN THE COMPUTER ASKS.

REMEMGER THAT- ALL FACTORS ARE INTERRELATED AND THAT YOUR

Vo RESPONSES_COULD CHANOE HISTORY. FACTS AND FIGURES USED ARE _
‘o BASED_ON_THE.ACTUAL OCCURRENCE. _MOST_ SATTLES TEND TO RESULT
. AS THEY DID IN THE CIVIL VAR, BUT IT ALL DEPENDS ON YOU
THE OBJECT OF THE GAME 1S 10 VIN AS MANY BATYLES AS POSSIBLE
YOUR CHDICES_FOR DEFENSIUE STRATEGY ARE:
€1) ARTILLERY ATTACK
(2) FORTIFICATION AGAINST FRONTAL ATTACK
€3) FORTIFICATION AGAINST FLANKING MANEUVERS
_ _ .€8) FALLING_BACK____ _
YOUR CHOICES FOR OFFENSIVE STRATEGY AREs
€12 ARTILLERY ATTACK

¢2) FRONTAL ATTACK
(3)=FLANKING MANEUVERS
,,,,,,, €4)_ENCIRCLEMBNT _

YOU MAY SURRENDER BY TYPING AS FOR YOUR S'I‘RA'I‘!GY.
YOU ARE THE CONFEDERACY. GOOD LUCK

SELECT A BATTLE BY TYPING A NUMBER FROM 1 TO 14 ON o
AIEQUEST. TYPE ANY OTHER NUMBER TO END THE SIMULATION. :

VKICH BATTLE DO YOU VWISH TO SIMULATE?!

THIS 1S THE BATTLE OF BULL RUN

JULY21,- 1861 GEN. euuﬁfeaameomnma fﬂi Euﬂl MET THE _ .
UNION_FORCES. VITH GEN., MCIDOWELL IN A _PREMATURE BATILE AT BULL
RUN, GENe JACKSON HELPED PUSH BACK THE UNION ATTACK.

As a final example; ‘read *hrough the run of | program SSINS* iii Flgure 3-20.
First, the directions fér running this program and inputting data are clear and thorough The

devrce of giving examples to illustrate directions is effective for precludlng errors 'fhe 1ncompre-

hens1ble codes used 1n the program are acceptable in th1s mstance beeause the program merely

the necessary background 1nformatlon and all the abbrewatrons will be fam111ar to the students
worklng with it:

Now, coiisidering the style of the program what did you think of the way the computer
responded to the user" D1d 1t seem somewhat coy or condescendrng" In conmderatron of the user,

users; may offend others: In addition,; it is probably wise not to lead students to belleve computers

have personallty, emotions; or a sense of humor:
As dan exercise, rewrite the first section of the SSINS output down to the first data entry -

dlifie 16).
Examine the sample un1ts you are usmg and rate each program on its user-orientation.

Record your rating; from 1 to 4, on the decision table on page 105.
\
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RUN_
SSINS

VHAT IS YDUR NME ?HICHELLE

DO YOU WANT INSTRUCTIONS:MICHELLE?YES.

1, UNIVAC 1100, WILL . HELP YOU MAKE THE CﬂLCU‘LATlO’\?§ THAT

YOU _WILL_NEED TO PLAY INS NEXT PERIOD. YOU MUST HAUR ynnuRr
MAIN DECISCION FORM (MDF) COMPLETED AND WITH YOU NOW.

HAVE IT HANDY BECAUSE 1 DONT LIKE TO WASTE TIME: DRING

THE_PRINT QUT_TO_CLASS _AND; HAaVE YOUR MOST EXCELLENT AND

QUTSTANDING TEACHER 0.K. IT BEFORE YOU BEGIN THE NEXT

SESSION. DO NOT USE COMMAS WHEN INPUTTING NWBERS IN
THOUSANDS. EXAMPLE-- 20000 - _

ENTER ALLL PERCENTAGES ﬂS DECIHALS- EXRMPLE..-T-WTER 1. 72
AS_THE_ DECIMAL «017¢ . . |

ARE YOU READY ?YES - ¢

GOOD! WE SOCIAL SCIENTISTS ALVAYS TRY TO BE READY!
ENTER_DL. _FCC: FCN; BC-DF-BC. BC-NDF=-N, AND BR FROM MDF
24350005 4105505300, .95 _

NOW ENTER POP, ZPOP. "UCs DR BCp PERIOD> AND NATIO'\’

FROM MDF ~
?13307!-0]1;291-2:;1015[870:lpBIVm -
NOW ENTER BUDGET ALLOCATIONS FROM THE MDF» cIig. CS!

,FCX, RDZ, AND DLZ%

!730"-73:-]:00300 L

NEXT ENTER_ BR-I"PDBR-EXPDUC IMPD"C -EXP,CS-1 MPD(‘S ~EXP»
FROM THE MDF

7 0[00:0:3:000

?0:00000 L

BINGO HAS 5187 BC S TO ALLOCATE FOR FC

ENTER AMOUNTS IN BC FOR FCC, FCN,»BC- DEF-BCDBC-DFF -y
72500, 2500, 187.0

ENTER NUMBER OF FCN PRODUCED WITH 2500 BC S

7625
THESE ARE THE cﬂnR:cféﬁxéfzcs;yr BINGO FOR PERIOD - 2

DS= 20.6125

DL= . 8
FCC= 7000

FCN= 625

BC DEF BC= .234.5

BC DEF N= 285 '

BR= ‘e 96

POPULATION= 186.823

POP. GROWTH RATE= <017

UC= 305.968

DR= .1 -

DOES BINGO HAVE A LOAN FROM THE W.B. ...l-yps,osvr)’o
BC=_ e __54875.4 __

DO YOU HBVE ANYMORE MDF S TO. FIGURF‘.,. I=YES, 2=N90?2
IT HAS BEEN FUN WORKING WITH YOU HICHEI;L:E~ GO0 DL UCK

IN THE NEXT INS SESSION! T

DONE ' o

Figure 3-20. Sample run of SSINS:
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4. Variables Controllable by User-

It is 1mportant partlcularly in leamlng experlencex deS1gned to promote “drscovery,’.’ that

the user be able to manipulate the critical variables in thﬂ program Espec1ally with S1mulatlons
and prculem-solving units, the student should be able to ask freely the question “what 1f
and change the values of Val'ldbleS to explore that questlon In add1t10n the tea._her ought to be

the varylng needs and abilities of students:

If 4 program is a ngld 1nﬂex1ble package Wthh the user can interact wrth only 1n a prede- .

termined way; its usefulness as a teaching tool is severelv. 11m1ted An example of the opposrte is
BALPAY.* a sample run of which is shown in Figure 3 21 The student is- asked to control the

values of f‘four variables: ‘ o - &
1. | Taxes.on investments abroad; g
2. Tariff rate;
3 1 Government spending abroad .
4 Prime interest rate:

By varying the values, the studerit is to discover the relationships betwéen the variables and the, *

International Balance of Payments’ (Note: Wisdom and efficiericy would suggest that only one
varlable\ at 2 time be manipulated, w1th all others remaining constant, in order to get a clear pic-

ture of the effect of that variable in the model.) The teacher may change some limits of the pro-

gram to| make the game easier or more difficult, dependlng on the sophlstlcatlon of the students
using it.| The teacher may change

l
|
'

\ .
1. The number of years in the time limit; it
2.1 The value of the ratio used to determine win/lose (set at +:03 in the example).

|
Ralq the un1t SALPAY accord'ng to the number and the utility of vanables that are dlrectly
: controllable by the user. o
For (urther pract1ce in evaluat1ng the use of var1ables in typlcal un1ts obta1n sample pro-

gram runs \for the umts you are usmg with this course: Rate each one’s use of variables on the 1
to 4 scale a e the on :

Yd record your rating ona decision table like the one on page 105.

5. Opt/ons for Use
Often; \a single unit is more useful to a teacher if it ‘can be used to achleve several d1fferent

(but related)\sets of objectives; or if it can be used in more than one setting. Examine the materi-

als for the URBAN CRIME UNIT (or some other un1t) to determlne what optxons are offered

Rate each on its use of optlons and record the rat1ngs on your dec1S1on table
6. Time and Gost of Usmg
Trme and cost are multlfaceted vanables Fust there is the stralghtforward central processor

and then signing off the termlnal The computer should automatlcally pnnt the CPU time (1n7
seconds) ﬁgea before signing off: From this figuré it is usually fairly easy to compute the cost of

*Available in “REACT Social Science Application Units;” from Tecnica Education Corporation.

v
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BALPRY

DO YOU VANT A DESCRIPTION OF IS GAHENES

THIS COMPUTER PROGEAM 15 A_DECISION NeKING. GOVE:
YOUR PART.1N_THE GAME 15 THAT OF DECISION MAKER
FOR THE COUNTRY. ASSUME THAT THE COUNTRY 15 CORRENTLY
IN A VERY PQOR. PALANCE-OF-PAYMENTS-POSITIGN.- YOUR
OBJECTIVE 1S 10 MAKE DECISIONS_THAT VILL GIVE.THE .
COUNTRY ‘& HEALTHY BALANCE OF PAYMENTS POSITION HITNIN 4 YEARS:

.

RALAYCE § STﬂTEMFﬂT lN MILL!OVS 0¥ DULLﬂRS = YEAR 0

INFLOVS .
FXPORTS  GOODS & SEHVICES  § id i3
EYRENDITUSES- FOREIGN TOURIST  $ 2 150
INCOME  INVESTMENT $ 902
NET INFLOV € 22128

OUTFLOMS -

INPORTS  GOODS & SERVIGES ¢ 18 271
EYPENDI TORFS. T0URISTS ABRORD ¢ 1 417
FOREIGN AID & MILITARY'AID % 4 745
INVESTMENTS FORETCN “§.21375
VET OUTFLOL © < 2700 '
NET SURPLUS(+) OR DRFJEITC=)  -487)

NET SUSPLUS OR DEFICIT/NET INFLOK  =.23

AS-YAU CAY SES FOR THE mrtn:m aaovs. uum.om
EYCERD. INFLOVS BY_ SORSTANTIAL. AWOUNT:- ¥OUR coUNIRY
15-18-A-SERIOUS DEFICIT POSITION. SHOULD THE -DEFICIT
CONTINUE FOR 1.ONGs YOOS COUNTRY'S GOLD RESERVES. wOULD--
RE-DEPLETEDs--AL50 700 NUCK.OF YOUR COUNTRY'S RESOURCES
AND PRODUCTION ARE PROMARLY REING SENT OUT OF THF _COUNTRY
FOR_THE. PURPOSES-.OF-THLS - GAME s -A- "HEALTHY ' BALANCE: OF
PAYWENTS POSITION 1§ DEFINED AS ONE 1N WHICH.THE Vi,0E
OF THE RATID. "NET SURPLUS OF DEFICIT/NET-INFLOV' 2
NETWEEN THR YALUES OF =403 AND 403 .
THAT THE CURRENT VALUR OF THIS RATIO IS =20

NOTITE
EN@LANB HAs- REVALUFB s CURRENCY- THE ENGLISH GOUEHNHENT
VILL OV PURCHASE AND_ SELL GOLD' FOR 5 SMILLINGS_MORE AV .-

OUNCEs—-THIS-MOVE M EFFECT HAS INCREASED THE UALUE oF YOUR
CURRENCY RELATIVE TO ENGLAND'S._ WERFORE GG0DS. Hk&UﬁAtTURED

14 YOUR- COUNTRY ARE-NOV-MORF EXPENSIVE 10 THE ENGLISH
PEQPLE AND ENGLISK COODS ARE LESS EXPENSIVE 10.Y0U.

Figure 3-21. Sample run of BALPAY (continued on next page)

!

ENTER YOUR PDLICY\DECISIOVS FOR Y!AN

vHAT PEHCFVT CHAVG’ DD YOU UISH
1N TAXES OV TNVES feE4TS ﬂBROAD?3
I THE-TARTFF RATEZ4VS -

1Y GOVERWMENT SPENOPI&“BRQAD?-S

1IN THE PRIME INTEREST RATE?S

RALANCE ST&TFMFNT - YEAR 1

FLOUS B .
EXBORS - 8 id o9

EXPENDITURES ¢ P e

NcOMs t A !

NET INFLOV  § 2108]

OUTFLOVS
IMPORTS $1s e - .
EXPENDITIRES ¢ 1 598
FOREIGY a1D & 4 507
TAVESTMENTS % ) 899
1 er ourrow < 2750
§ DIFFERFNCE  =P6A9

T DIFFFREACE -;i‘j

THERE HAS MEEN A REVOLUTION IN PERUS THE,NEV
GOVERNHENT HAG TAKEN OVER AUL OF THE ‘TNDUSTAY CONTROLLED
BY FOREICN INVESTORS. LSO MARSH RESTRICTIONS HAVE BEEN

MPOSED ON IMPORTS FROW YOUR COUNTHY.

FNTER YOUR POLICY DECISIONS FOR YZAaR 2
VHAT- RESCENT - CHANGE-DO-YOU-K15H -

IN TAYES ON INVESTHENTS ABROAD7<S

18 THE.TARIFF RATERD. -

1N GOVERVWENT SPLNDING Anaoams

IN THE PRIME INTEREST RaTE?=.a
RALANCE STATEWEN: = YEAR 2

INFLOVS
EXPORTS . % IR 165
EYRENDITURES ¢ 2 120
INGOME + ol
NET ISFLOY '$ 1186

;;;;-i.;i---.;;;.;;;a--;%;;-ii-i;,i-iiiiiiii;;;;ii"f"i'i'@'-Q"“"“"' -

oS
S.Lan"'IVNOjl._LonHJ.SINI \GE!SVG%!_:I_3E@_.LQ&WOG ONILD3ITTaS:
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OUTFLOVS

' .
FHPERTS--—-- § 15 054
EYPENDITUSES & 1 629

FOREICN-AID 8 4 824
INVESTMENTS ¢ 2 4?0

NET.OUTRLOV % R4

¢ DIFFFRENCE “-365%

7 DUFFERENCF ».ih
RRCAUSE OF THE TELAYING OF TENGIONS-IN THE MIDOLE -£AST

YOOR_COUNIHY. MAS DECIDZD 70_DRING HOME 75,000 TROOPS
NOV STATIONED OUTSIDE OF THE COJNTRY.

EVIER YOUR POLICY DLCISTO‘IS FOR YEAK J
t.HM‘ PERCENT \.HA E
1N TAYES 0N INVESTMENTS ABROADIZI

YOUR-POLICY. DECISION. 13 700 DRASTIC A¥D wAILD
CAUSE SERFOUS FCONOMIC PRORLEMS 1V YOUR COUNTRY

F\ITFTI A‘JOTHFH DFCl;IO‘J-

l\l TAXES O\I INVESTP‘ ‘JTS ARROLDI6
14 THE. TARIFF BATEZ=S. ..

‘I GOVERNMENT SPEADING ARROADTST
18 THE PRIME INTEREST RATE?0

RALAYCE, STATEENT « YEAR )
THFLOVS

EYPORTS ! Iﬂ A'Il
LWPENDITURES § 2 125
I NCOME LI

NET VLV S 21407

OOTFLOVS

1HPORTS $ 1833
EXPENDITURES § ) 564
| FOREIGN-AID 3 4 353
INESTHENTS  § 1 735

NFT DUTFLUS $ 25987

% DIFFERRNCE -A540.

EWER YDUR PDLICY DECISIONS FOR YEAR 4

VHAT PERCIN D voU
1N TAYES OV TRUESTMENTS atF
1N THE TARIFF RATER2 -

1Y COVERNMENT SPENDING' ABROAD?0
1Y THE PRINE INTEREST RATE?.)

MALAVGE STATEMENT « YEAR 4

R

EROIS . ¢ ia g;g

EYPENDITURFS ¢ 2108 )

TVOME- 8 soq
NED INFLOE & 21040
QUTFLOVS

TWPORTS. .. $17074 -
EXPENDITURES ¢ | 80%
FOREIGY AID 4 4353
INVESTMENTS  § I 192
NET OUTFLOV % 24i%
¥ DIFFERENCE =316

§ GIFFERENCE =415

U\IFOR]’U’GATELY YOU NWE NOT RESTORID THE COU’H‘NY TO
* 8-HEALTHY BALANCE OF PAYMENTS-POSITLONIN. THE TINE.
ALLOVED: YOU SHOULD RETHINK YOUR STRATEGY BASEC ON

THIS EXPERIENCE AND TRY "NE CANE. AGMH- .

K

DO YOU UR‘JT TO TRY THE GAME AGMN HOVINO

DONE

2

1 DIFFERENCE «.3

" Figure 3-21. Continued.

SLINNMN TYNOILONHASNI AASVYES YILNINOD SNILDITIS |
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puter to computer; can be fumrshed by your local compufEr expert A typical CPU time is 1llus-
trated below ' » . | '

31 i 19 17 Y
3g e1 15 ¢ eap
33 23 ‘ 13 : .36

RVERAGE Rﬁ'l‘! 0. .aa

MEAN DEVIATION +025
\TIMES 04439 SEC+ '
READY

S

T——

- In addmon to CPU trme you wrll be concemed wrth terminal time— tnat is; the amount of""'

® time students must spend at the terminal to make the requxred program runs: Some unit materials

specrfy thrs 1f not; you can ﬁnd out by running the program yourself Besrdes theSe srmple

follo»!-up ac,trvrtres You may he able,to determnitie the dollar cost of tlns time.
To evaluate the time and cost factors; you will probably find it snfﬁéient to add together

the computer, termrnal and-teacher-class time (and cost) You can then reassess whether these

are reasonable and whether 3 you have enough time and money to use the umt lf the totals are

rnordmately hlgh compared to other methods of achrevrng your 1nstructronal objectrves you may
very well rank the unit qu1te low.* -

-

Making the Final Becnsron ‘

oﬁéé S/ou have rated a unlt on each of these six, crrtena plus those you have added , you are’

collected the ultrmate decision still wrll be largely subjectlve
- For example, you may have the rating record shown in Flgure 3—23 for units that teach one

particular skill. Although Unrt 6 has the hrghest total pornts ‘you might decrde to use Unit 2m-

stead because of its superior el ncement qualltles and its better time/cost rating. Or, you might

*Until you =an check with someone familiar wn‘.h your school’s computer system; you will probably not be able to
estimate time and cost for the sample units you are using with this course; therefore, omit trying to rate units on

this final variable for now. . ) L
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-

L N POTENTIAI:[Y USABtE Uan
INITIAL DECISION VARIABLES - - -

# 2 3 4 5 o 6 7

1 Wlll _program run on 7 y Y , YES YES YES YES mAYBE | MAYBE

2. Is language available? . - | vesSymavee | ves | (WO | ves | wavee

3. Ara,qu,em'wg?s consgistent B! WWEE _. MBYBE | mAvEE | VES MAYBE

4. Are matenals complete | YES YES , MAYBE.] MAYBE

g ICT=E = I N oY I T
| PRELIMINARY DECISION LREJECT gg&l‘gj REJECT | REJECT | REJECT EVALUATIEVALUAT

FINAL DECISION VARIABLES . 7 \ N

Enhancomont \ < V[V | U E 1
.swdem;p'co’ot X E \ X \ s 1
tsétrfiéﬁiad _ \ 2 \ \ \ 3 | 1
Variables V 3 \‘ 1 Y‘ “ 2 2 :
Options | 2 \ \H 4] s

fomrer]
T’
nN
w | =] s

Time/Cost \| s
TOTALS \| = \ \| IR 2
| emvaipecsiov | Naee | - N 7 | eesect

T
Figure 3-23. Samplé preliminary and firial decision tables for seven units.

“as enhancement tnne and money
Te help you make close demsmns m a more objectlve way, you may go one step further m‘

preférences and prlormes. Decide the relative ,1mportance to you of each variable and then as51g11
to each a value that reflects the importance of the criterion. A simple way to do this would be to

asmgrtWelghts as percentages; totaling 100%. The weighted score for cach unit W1ll ‘not only re-

flect the unlt ssti-engths and Weaknesses but also reﬂect the unit’s relatlve worth to you according

Flgure 3=24 is a sample decision table for selectlng your own computer~based 1nstruct10nal

un1ts



"~} FINAL DECISION

9

INITIAL DECISION VARIABLES

1. Will program run on
h%m

2. 18 language avallable7

3. Are cbjactives consistent
with ming?

4. Ao materials conplotg

———_onough?

| 5. i imodel approprintel

PRELIMINARY DECISION

a 4 T -

FINAL DECISTON VARIAGLES

'saﬁaaaaa;;ai

Student-proof

Uséi-criaited

Vanables

| Op'ii'dns Y,

| Time/Cost

~ TOTALS |

"Fi'gufé 3-24. Sample decision table. |
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PREFACE

The artlcles comprlsmg Ghapter 4 were written cspecually for thxs Computer Technoiogy Progmm

course by authors expenenced in usmg and/or developmg computer-based mstructlonal applnca—
subject area; With the pnmary focus in most cases on the first five mstruct10nal modes descnbed :
in Part I: drill; tutorial, problem-solving, data analysns and, simulation. Each article concludes
with a complete bnbhography e -

The articles reﬂect computer usage in many subject areas but they by no means exhaust the
range of use in the ‘modern curriculum. Ifi all, they provide 4 syiioptic view of computers in class-
‘rooms today which suggests the exciting avenues this technology is opemng to students and
teachers alike. : -

™y -
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" structional purposes.

INTRODUCTION TO COMPUTERS IN THE CURRICULUM

by Daniel L. Klassen

=
e

BACKGROUND

‘In 1969 the American Institute for Research (AIR)
conducted a’ survey of secondary schools: in the
United States to determine the current and antici-

pated future use of computers as admmlstratrve and ]

instructional tools* The study found that approxi-

mately 15 percent of the schools surveyed used com-

puters in the instructional process; with the ma]orrty

concentrated in the Western; North Centrai, and
» Nottheastern regions and Oklahoma and Texas i in the

.South A Tol]ow—up study by-AIR in 19757 found the
.concentration to be essentially the same; with the

largest numbers clustered in the Western; North Cen-
tral and Ndrtheastérn séctions and in Texas; as shown

estrrnates that hy 1984 ,hal,f of the secondary schools
in the United States will be using computers for in-

There is consrderable evrdence to suggest that
this projection is accurate. One measiire is the in-
creased sale of computers fo schools All of the coim-

puter manufacturers that attempt to, sell to the

educational market report expanding sa]es in the

secondary school market: Much of this increase is due

to the reduction’ in cost of the rmmcomputer, and

more recently the: mrcrocomputer, makrng it possrble

" for a slngie school or schoot district to lease or pui-

chase 4 computer
Another megsur:e is the increase in the number

*Chiatles A: Darby, Jr Arthor L Korotkln and Tanra

Romashko, The Computer in_Secondary Schools A
Survey. of its instrucnomzi and Administrative Usage
New Yoik: Published in cooperation with the Ameri-

can Institutes for Research, Washington Office, by

" Praeger gublrshers, 1972.
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Figure 4-1; Geographic drstrlbutron of rnstructronal
users in 1970 (area shaded by lines) and in 1975 (area
shaded by dots). ) - .

-
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Figure-4-2. Growth ofAhe use of |nstmctrona1 com-
puters in secondary education

B Terlram J. Bukoski and Arthur L. Koratkin, Compu-

" ter Activities in Seconqary Education: Finai. Report,

American Instifiite for Research, September 1975.
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of time-sharing ct)'op'e'rétl\'/es and networks. A time-
sharmg network consists of a number of schools
sharing the same computer via telephone lines. Time-

.. Sharing networks havk been organized by comiputer

manufacturers by lndepEndEnt commercial organiza-
tions, and by the school districts themselves
Probably the most obvious measure is the growth

in_ the development and avallabrllty of computer-

based instructional applications. A large volume of

computer-related curriculum materials has been pro-
duced by federally funded projects; by the computer
manufacturers, by prlvate publishers, by college and
ijnii}erSitY stéff and by indiiiidiial teéehers

puters in -the schools has gone an expansion of the
subject areas using the computer to support and en-

- hance instruction. Figure 4-3 shows the distribution

of curriculum applications across subject areas. These
1975 AIR survey data indicate that while the most
extensive use of the computer continues to occur in
mathematics and science, the computer appear§ in
-restriction in a wide variety of other subject areas.

The Future

the probable future realities or to partrcrpate in de-
signing alternatlves or defif ifiing what the computer
should become for education. Anthony Oettmger in

his book; Run, Computer, Run; writes that ‘massive

i'liul(osl(i imd Korotkin, p. 25. -

s
édUCétidn and l’é%dlicétidh Will bébbiﬁe heCeSSéiy tb

with technical devrces "T The need for education
of edUcators wrth respect to compUter technology
was also polnted up by a George Washington University

study of problems associated with the effects of com-

puter techmology on education; which recommended

that -“schools of education and other teacher training
institutions and agencies be assisted to xmprove their
Taﬁiilranty with and investment in the use-of the com-
puter in education.” { Dr. Sylvia Charp made a similar
point before-the IFIP World Conference on Computer

Education when she said:

"One problem facing designers of educational in-
formation systems is that educators nieed to

become better informed to understand and ef-

fectively apply this emerging technology ..
In the hands of knowledgeable people, today S

computer becomes a powerful tool that can be

used to handle° problems of great volume and
- complexity m _attacking educational problems.
Educators must begin to understand the capa-
bilities of the computer, and plan_ahead for its
use.**

TAnthony Oettmger, wnh Sema Marks, Run. Compu-

ter. Run: The Mythology of Educanonal Innovation.
New York: Collier Books, 1969.

{Education in the 70's: A Study of Problems and
Issues Associated with the Effects of Computer Tech-
nology on Education. Washington; D.C.: George Wash-
ington University, 1967.

**Sylvia Charp, *“‘Computer Technology in Education—
How to Make ijt Viable:”” World Cornfererice on Com-
puter Education. IFIP.1970.
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In the case of educators, ignorance of computer
téchhology brééds i)iilnéi'ébiiity ;irid blaéés tHé dés-
There then enters the nsk,thaﬁt the ,technology w;ll
shape education, whereas in fact education should
shape the technology to suit its needs.

It should be emphasxzed that the need is not
snmply one for training educatxonal personnel to uase

whatever technology comes down the educational

road; the inherent dangers in that approach could be
fatal for education. Instead, educators must learn to
be active participants in the decisions about both the
“bétoiﬁirig" of téthﬁoiogy éﬁd its iiﬁﬁléméﬁtéiioh

mme what is good for educatlon and then to bnng
techiniology to bear on that detetmination, if and
where it is appropnate to do so. But the technologists
are already knockmg on the schoolhouse door ‘and

unable either to evaluate the uses competently or to
use them appropnately

1.

. Computer, Run:

111
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ON by Peter Lynn Sessions

INTRODUCTION .

BN

lnstruct|on m art |s des|gn.,d to foster the develop-
knowledge of |mportant tenns, concepts and h|ston-
cal developments in art; and enhance the appreciation
of works of art:

The development of such skills as pencil draw-

ing or welding requires knowledge (how to select

materials, for example);-frequent chances to observe

the work of others, timely guidance, and much prac-

tice. The student’s goal is to master or explore the
effects available with a giver me ‘ium, learning at the
same time to express a personal style. The goals of
the teacher in this area might be to encourage stu-
dents to experiment, and to transmit the techniques
and standards of excellence of previous master artists
and teachers

épei.tlve,,stlrll life, geodesrc) and of hlstorjcal develop-
ments (chiaroscuro, impressionism, Brancusi) is
acquired through direct visual experience and discus-
sion telating the work of art to concepts ;and histori-
cal patterns. The student mdy wish to master or
eficouriter the langudge of art, art history, and/or art
criticism; it includes many terms, natnes, conceptual
structures. In the rzalm of art |nstruct|on the teach-
er'’s goal mlght be to proV|de as wide a selection of
important areas of art knowledge as posmble and
present them in ways that facmtate exploration and
mastery:

areas of skills an¢ know.edge discussed above; an
awareness of how a work of art was produced (tech-

period (ten'ns, concepts, hlstory), are part of what is
commonly meant_ by ‘appreciation. Also included
might be studies of the physioiogical and psychologi-
cal bases of. visual experience: figure/ground relation-

12;

9

ships; closure; contrast; apparent size; and so on. The
student’s goal might include the development or justifi-
cation of a preference for certain styles or artists,
through an understanding of the processes of art, The
teacher’s goal might be to provide the student with a
wide and comprehensive basis for judging works of art,
includmg the student’s own productions.

ln summary, a pract|cal art currlculum devel

for practlce A.t instruction also seeks to place before

the student a wealth of direct visual images and a

number of symbols (terms, concepts; and 50 on) with

which to interpret the images.

Let us now consider some of -the features of

the computer that might suit it for the art curriculum;

The computer is a device for manipulating symbpls—

" numbers, letters; words. The user must learn to en-

code a symbolic representation of his problerr or to

use representatlon encoded by someone else ln

process lS a program, Computers in common use in
education today contain a special memory to store -
programs. Several types of educational programs have
been described in Chapter 2. y .
Drill and practice programs a
Tutorial programs

Problem-solving programs

Data-processing programs

Simulations or games

We shall apply =ach of these program roles to art.

The input/output devices (or peripherals) are of
especial interest in the art curriculum, since they pro-
vide the means for transiating the images which are a

- basis of art instruction into the symbols to be used by
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the t.omputcr The output device dctcmnnes the
qualrty of the image which the computer process may
drrectly ptoduce The productlon of direct images

(computer art) is an important area for development
in art instruction:

The Teletypc terrnmal may make use of its
characters (capital lettﬁer;i numbers; many speclal
characters) to form images: (The standard Teletype

output is like that of a pica typewriter—10 characters

to the inch horlzontally 6 lines to the inch vertically: )
The cathode- -ray tube (CRT); essentrally like a
TV screen drsplays uscr mput and compuier output

pica typewrrtergnd the allowable characters are those

'or th'c Stdndard Teletype a1th'o'ugh some CRT displays
th(;mTeletype letters carinot be overprrnted on ,the
CRT to form new characters; previous images are lost

‘to view. A cursor (usually a blinking point or line)

lndrcates the posrtron of the rmagmary pr1nter as it

per second are avarlable A ranpe ofrnterestxng graph-
ics expt‘.rrments is possrble with the CRT display
terminal.

The XY Plotter; another useful perrpheral con-

" sists of a frame holdmg 4 piece of paper (a couple of

Q
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feet square) and aupportmg a penp jint so that it is

free to move in two dimensions at right angles to each

other in the plane of the paper:. The dimensions are
labeled X and Y. Each dimension is divided into a
large number of “‘points;” amounting to print posi-
tions just as on the Teletype; on the plotter; however,
there are 50 to 100 positions per inch. Each possible
position on' the paper has both an X value and a ¥
value that uniquely locates the point in two dimen-

sions. As the penpoint is moved from position to
'p"os'itio’n it le'aves a continuous trace or line With the :

inks may be used.
The computer may also be programmed to out-
put tlrrouglr a high speed line printer. [ have encoun-

tered a number of mterestmg lrnages produced on

line prmters One, a striking representation of the

Mona Lisa, was best viewed from a distance of about

six feet. Line printers are rare in school settings at
present; although they are commercially available:

The Turtle* is a small motor-driven robot which
can be connected to the computer. It has a retrac-

*See Part I, p. 21.
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table pen so that it can leave traces as it foves over a
flat drawing siirface (floor, etc.) whose dimensions are
limited only by the length of the cord connecting the

The penpheral of the future art course may use
a light pen to stimulate the €RT screen drrectly

Other advanced techniques for sketchmg or for ani-

mation may be commercially available in a decade or
two.

With this range of giapiﬁcg devices in mind; let
us consider the roles of the computer in art 1nstruc-
tion. .

USES OF THE COMPUTER IN ART INSTRUCTION

Drill and Practice

The most obvious approach to art 1nstructron at

this level is in tlie area of knowledge of terms, facts;
concepts—what we earlier termed the language of art,
especrally art hrstory and criticism. With the program-
ming languages now in use; a variety ofob]ectrve test
items (fill-in, multiple choice, etc.) can be con-
structed. In the context. of secondary education, this
role might be described as “Self-tester,” provided the
answers aré given. A well-written art drill program *
would be in demand by students.

Tutorlal

Simple languages are 1ncreasrngly avarlable for
question-answer type programs with varying levels of
complexity. A present-day teacher can (without too
miuch trouble) learn to write fairly -cofiversational
branched tutorials.

Tutorials which include the specral graphrc
abrlrtres of the CRT or plotter however are rare. One
such program drsplayed CRT pictures of the hand

positions used by deaf persons to represent speech

iThe images were distinct although quite small: The

student was asked to .dentrfy the alphabet letter cor-

respondrng to the hand position prctured within a
given time limit. It is admittedly a long way from
aucli a deVEIopment to a computer-di'rected dranng
torrals could be desrgrled wrth current equrpment, giv-
en the right combination of teacher and programmer.

126
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The role of problem solver overlaps wrth that of
data analyst in the field of art instruction and re-
search; since data analyms is one of thc main ways in
which the computer solves problems in the field of

art or art instruction: Consider such questions as:

(2) What clues or essential features do we use to
identify human faces?

(b) How do you tell a real masterpiece from a
masterly fake?

Such questions are now the subject of intense research
by art experts working closely with computer experts:
Their “solution” by students would increase tremen-
dously their understanding of this growing field of
scholarship. .

Data Analyst )

One of the main problems of the computer data
analyst is formatting thé output, after the compiiter
has~ perfomred the arithmetic. Arranging the output
50 as to spced up the |nterpre tat|on of the results isin

- Turnmg thls idea around; we might say that the
data are a symbol|c representat|on of the output

image, be it a table of numbers, graph, geometric

desrgu or portrait: Programs which “translate" data

" into |magcs currently exist in two or more forms: (l)

They are programs that produce the same lmage each

written by students in pro,blem—solvrng mode. (2) Pro-
grams exist which allow the data to be changed from

one riun to another. Siich programs. are true transla-
tors. Many allow the data to be entered by the user
from the terminal while the program is running.

-

Simulations and Games

Many of the program types discussed above

may be simulations in addition to their primary appli-

cation. For example a translator program which pro-
duces a picture upon recelV|ng a set of data from the’
terminal may be viewed as a simulation-of a program-
mable graphics computer. (The idea of using one

-
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strange,but is is commonrcompruter practrce.) Thus,
many of the programs and problems I discussed pre-
viously could serve as bases for simulations. Let us

look briefly at one mterestmg area not discussed

above.
The productlon of animated films is an absorb-

ing problem for artists and art students: Full-scale
graphics computers capable of generating animated
sequences dre now too rare and expensive for use in
the schools except on an experimental basis: Simple
animation techniques; however; can be simulatedon a
common CRT display; the higher the character rate,
the better the result. Programming animated sequences

“for siich a medium could be tedious for an individual,

less so for a team of students. The following type of -
programming task would also be a problém to solve:

How does a television or similar device produce con- .
tinuous, apparently moving images?

CONCLUSIONS

We have revrewed the use of the educatlonal compu-

ter as an artistic or graphrc medium to the possible

exclusion of other applications in the art curriculum.

There are two main reasons for this chmce of ernpha-

sis. First, purely cognitive problems are relatively rare

in art instruction: As indicated in the introduction;

most of the leamlng is achieved through a combina-

tion of viewing or experiencing works of art directly,
wlth the s|multaneous (or nearly so) presentatlon of

materlal, is common in c,omputer,lnstmctlon The
production of images, of especial interest to art
instriction, has™ recesived less attention. Second;
computer-assisted or dugmented art instruction must
be relatively rare ifi today’s schicols. Since most con-
crete applications lie in the future, it seems appropri-
ate to emphasize the computer technology of the

vices W|ll be more available in the future than the/

are now; many are still in experlrnental stages in the

laboratory or in selected school settings. Indeed, one

could predict that computer art instruction will re-

ceive serious consideration from teachers and students

only when lnterestmg computer graphrcs dewces

become much more common than they are at the
present time.
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by Eugene Muscat

INTRODUCTION

This artrcle descrrbes many current and pro;ected uses
of computers in supportmg busrncss education curri-

culum: Business education; as used in this drscussron,

includes all business subjects: Traditional courses
such as bnokkeeprng, typing; and secretarral science
reccive as much attention as the more recent addr-

tions—keypunch operaticn; computer programming,

and word processing: -~

For business education this is a time of change

Several current trends should greatly affect computer

use:

1. The emergence of individualized instruction
and new teacher roles. Computer-assisted in-

struction is an excellent addition to the learning :

mix when students are free to explore new
- concepts.
2. Emphasis.on competency-based cumculum and

accountability. The ability of the computer to-

analyze, diagnose, and prescribe should be part
of any measurement or evaluation process.

(county supporr} New fundrng structures make
it possrble to \.evelop “hands-on”’ programs

usrng computer equrpment

4.  Technological advances. Computer equrpment

has become less expensive and far more mobile:
Where stvdents formerly went to the computer

the computer is now comrng to them by way of
terminals’linked with phone lines.

Bécausé of such déVélopméntS opportunitiés for

struction, ,and hangs-on computer ,operatron are
greatly enhanced. The current trends are moving

S

125

Business e'ducators' ro expiore the capabiiity of cort

expanded use.
increased usage logrcally rarses questrons about

the computer as an rnstructronal tool To make equip- "

ment acqursrtron economrcally feasrble - we need to

can perform Those rnterestéd in the computer as a
teachmg aid often have not experlﬁnced many of the
computer’s potentral uses, so that projects can mis-

represent costs and hamper utilization without an

expanded view of the computer.» instructional

capabilities:

From 'the very start; a computer project in
busines< education should include three uses:

As the object of instruction;
As the means of instruction;
As the manager of instruction.

[ FOINT NG Jurey ’
1

In brr..f the character and nature of the ﬁrst
two functrons of the compiiter, as I observe them in
business education, are as follows:

THE COMPUTER AS AN OBJECT
OF INSTRUCTION

The entry of computer terminals can provrde an excel-

lent tool for, occupational preparation in several new
areas:

"Key Entry
-The existence of computer hardware ina school

" provides an opportunity t6 give hands-on training that

shculd not be overlooked. Projections indicate " that
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the largcst growth area of clcrrcal empl()yment in the
years to come will be in the area of key entry: Numer-
ous p ograms can be developed (much like keypunch
programs) to traln students in the skrll of key entry
operdtron Qfan arrlrne reservation system an accounts
receivable input system, and a ticketing reservation
system provide excellent_training for students who
may eriter the clerical field as data input clerks. .

Simple programs have been developed that al-
low students to type i strings of information under
various time constraints (VER[FY).' The computer
will analyze the string according to predetermined
criteria and individually telt the student his number
of errors and spéed of data input.

Word Processmg Z

Because ol’ the entry of varrous automatlc type-
writers and automatic transcribing equipmerit, com-
puter terininals can expose studerits to the nature of
such automated equipment as dutomatic typewriters,
automatic typesetters, and test editing niachines. Pro-
grams can be written using a standard Teletype and a
digital computer to simulate the operation of these
machines (MTST) 2 A student can be given l“rst a

standard letter to entcr and edit on the computer ter- -

mmul then various msrde address lists: This srmulates
a commercial computer-generated mallmg project:

Computer Programming

The emergence of small standalone computer

- systems and programmable calculators has made on-

line programming a valuable tool to a student enter-’

ing the business field. He can readily learn to write

. programs in languages like BASIC by using on-line

computer terminals.

) Students should be encouraged to support regu-
lar classroom instruction in accounting, clerical
record- keepmg, sales; and so on by automating many
of the clerical tasks. They can use keypiunch machines,
card readers, and batch processing, as well as on-ine

.key entry On-line capability developed in this way

Q

can be transferred to many busmess applications

l; l-chlctt-l;a'cl'card Uscrs éroup Library.
2: Hewlett-Packard Users Group i:ihrary:
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Computer Gperatrons

Where the CRU (central processmg umt) is avarl-
able for student use there is a variety of gntry level
skills that can and should be 1ncorporated in an intro-

duction to data procesarng cutriculum The use and
management of various types of computer lnput

media (cards; tapes, mrcrof‘che) should be included if

possible. Experience. in handling punch paper tape;

for example provides excellent trarning as a data

- entry clerk or tape librarian: The activities involved in

maintaining a mrnrcomputer system (mountrng tapes;
loading and unloading computer programs) should be
shared by studénts who have access to actual compif®
ter equipment. [t is the role playing in such school ex-
periences that has greatest value. What justifies field
trips and prgduction work experiences is not' so much
the iictijal handﬁ’On trainlng With épecifc Combuter.
responsrbrltty of performrng these functmns )

Somie forms of computer technology may devel-
op in schools where the electronics and/or industrial
arts programs are highly specialized. Coniputer Tele-
type maintenarice is an employent field that will
take its place amorig typewrrter repair and other busr-
ness machine maintenance occupations. All in all,
every opportumty to give the students actual experr-
ence should be explorted

S

THE COMPUTER AS AN INSTRUCTIONAL TOOL

Teaching With computers ls éenerally given the great-

speclf'c attempts in business education are detarled,

below.

Dnll and Practrce o ; °

Businiess education has tradrtronally dealt w1th
the development of variqus skills: typing, machine
computation, shorthand, cashrer Sl(lllS and so on. The
process requires extensive drill and practice. It is only
logical; therefore, that the computer has. been har-

nessed in many business applications as a drrllmaster.

Typing. To develop keyboard accuracy students are

given paragraphs to type, not for speed but for

Ty
QO
<
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accuracy (TYPE).> The computer tallies the
nuraber of errors and indicates where specific
key relationships are consistently violated.

Machme Calculation. Critical to machine calculatlon
is placmg declmals, estlmatmg answers, and

tractlon, multrplrcatlon and division are loglcal

" support tools here (DRILL): Drill and practice

routines which test the studeat’s ability to

round numbers (ROUND) and place decimal

ceard ‘

points in answers (DE€1-10) can be used:"

Shorthand. Shorthand requires a basic undérstanding

of English skills. Programs whlch”remforce

spellmg and punctuation instruction are in wide
use by secretanal-sclence students (SPELL) lt

deve]oped in computer-assisted instruction ap-
plications. Tape recerders and student response
through keyboards have been designed to tein-
force the student’s understanding of various aud-
_iblé-consonant and vowel sounds (PHONICS).
CashrerSkrlls Sales transactlons requ1re extens1ve drlll
the responslblhty of dealmg w1th cash simula-
tion is often -desirable. Programs that drill stu-
dénts in how to make change (CASH) and com-
- pute sales tax (TAXIT) develop reflex skills
that reduce extensive on-the-job training.
Accoummg What teacher has not longed, for relief
from the Constarit workbook and classroom
drill requrred to establish absolute student un-
derstandmg of the debit and credit principles?

A computer programmed to analyze students’

response can provide an Pf‘lj"?'f?fl, number of
ledger accounts from which a student can drﬂl
and practice and determine debit or credit bal-

ances. In general, wherever a specific skill needs

to be developed—for example; multiplication

tables and punctuation rules—the computer can

provide a self-correcting method for drill and -

practice. The possibilities are limitless.

3. The programs TYPE, DRILL, ROUND; DECI-

. 10, SPELL, CASH, TAXIT and TUTC1 described int
this section are all in the Hewlett-Packard Users Group
library. : ©

)18t
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Tutorial ,
In business education; numerous opportunities

for tutorial instruction_present themselves. Students

in advanced classes in bookkeeping or officé proce-
dures, say, often are given materials and assignments
to work on independently; with the teacher available
only to answer questions when the student encounters._
difficulty. If we accept this role as the mere dissemina-"
tor of materials, we can use the computer fi 2 tutorlal
mode

puter programming. In a school where only a llmlted
number of students has the mterest and/or capabtl- '

greatest use. Varlous tutorial programs teach a stu-

dent BASIC programming - (TUTOl) The lessons

introduce the elements, provrde examples; and en-

courage student expenmentatlon—all at the computer

terminal. Self-checking is provided by comparison of

sample output with the result of the student made

with llttle background in programmmg to- have stu-

dents learn it Mth a minimum of student-teacher

lnteractron .

as 'experrence w;th medlcal or legal terminology can

be accomplished using a computer program as tutor

and guide. Exposure of this typé can_be teacher-

independent; the students can -do it before or after

school or during independent study. In the hlgh

school area this is partlcularly attractive; many - col: -
leges are developmg tutorial programs in !?usmess .
educatlon, ‘and students w1th “exceptional abilities
can interact with tutorial curriculum to give them ad-

vanced placement course work. .

- In general, tutorial curriculum is’ the ares: of{
computer appheatlon that can best enrich busmess

education students: in a school where a limited nufii-

ber of students would be capable of or interested in

- business law; for example a tutorial business law unit

could be prepared on a computer terminal that would

be available for lndependent study Similarly; tutorial _

units in completion of tax forms or highly specialized
employment umts can provrde enrichment.
i : >
Problem SoMng
Problem solving comes close to brldgmg the gap
between the computeras‘a means of instruction and

‘the computer as an object of instruction.

.l



Usmg the calculatrng potentral of a computer is
i valua"le experience for studerits who will find com-
puters increasingly, available to them as problem solv-
ing tools (ie.as obJects of rnstructron) This exposurs
has definite occupational value Programmable calcu-
lators, aotomated cash regrsters automated brllmg

“systems; ticket reservatrons systems and automated

graphics eqmpment will require experience in creatrng

machme readable rgstructronf'

tron) the aCcountmg student can tackle larger and

_more meanmgful accountmg problems 1f he has COm-
‘puter support:

methods of deprecratron is g;reatly aided by the
problem- solvmg capability of a dlgltal computer: In-

structors can elfectrvely employ ‘canned” accountrng

problems ‘that demonstrate business data processirg ' *

in the accounting field:

Data Analysis

0pportun|tres for data analysrs in the Jumor
and senior high school business | program are growing
steadily . An obvious example is in teaching-account-
ing. As mentioned above; comparrsons of depreciation
allowances can develop better student understanding

of busrness decrsron makr tg ln business law « or con-

buymg on credit. Energy conscrous st,udents could
evaluate the gas consumption of various types of
autos in years to come.

Aside from the managemént games currently
popular among high school students; data analysis
techmques shogld be used to evaluate real world situ-

ations: The best busrness education project I can .

imaginé in -this area would be to collect ‘and analyze
an employmem survey of éntry level jobs in a stu-
dent’s commumty The development of the question-

narre computer 1nput and analysxs could produce

to the students and teachers of a hrgh school area.
This type of practical application can greatly enlarge

‘the understanding of computer utility.
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Srmuiatlons

Games often provrde valuable 1nstructronal drrll :

and prictice. The game of hangman (HANGIT),® for

4. The programs HANGIT 49ers, STOCK and DRIVE
are all in:the Hewlctt-Packard Users Group library.
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example 1s benefcral rn developrng word skrlls Com-

tain game statrstrcs is a valuable mathematics exercise °
(49ers) In general the difference between educatmnal

simulations and games. is often not the content but

theaattitudeiot:the person partrcrpatrng

This leads to the role of simulations in business
educatron Here the teacher should control the cur-

can be admrmstered in a controlled environment
(STOCK). A class using a-computer terminal can
stress oral and written communications while “play-
ing the stock market.”

The value of a srrr..latron (game) is generally
beyond_question. In business law numerous.examples
for student_participation can be developed. A simple
example of driVEr’s educatiion c&n démonstrate the
(DRlVE

In consumer protectron examples students are
put in Hypothetical buying situations anid suffer or
enjoy the comsequences of their buying decisions.
Developing' student skills in prep’aringt‘or and partici-

- given hypothe'trcal rntervrew srtuatrons and a.,ked to

respond accordrngly The 1mmedrate crrtrque of

the do s and don’t’s Of_]Ob mterfnewmg
‘In general, simulations shotld be used to ac-

. complish learning objectives that would be difficult

or in"possible in a siormal classroom: An excellent ex-
ample is taken from a bookkeeping simulation: Stu-
dents are asked to submit worksheets containing a
minor mathematical error. The computer is given this
erroneous information and a multitude of computer
produced end-of-month reports are created in a short
time. Stutlents trace the error and observe the conse-
quences that a single mistake causes in a series of ac-
counting reports. This is an impressive computer
demonstration.

SUMMARY ,

The computer as the means of instruction has received
a great deal of coverage in educational journals and
conference tours. Thanks to the emergence of time-
sharing applications will continue to increase. All
computer manufacturers currently have users’ groups
that make materials available. The increase of the

-
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number of time-sharing comput:r systems in secon-
dary schools will cause a rapid increase of accessrbrl-
ity and use.

Unfortunately, computers are generally pur-
chased not in order to tap instructional support
capabrlrtres but for administrative purposes; still,
they caii be harnessed to mstructronal objectrves Re-
an r’ffectrve and supportive tool in busmess educatron
it is up to you as an innovative teacher to enlarge its

use in your school:

REFERENCES

All of the computer programs referred to in this arti-
cle have been contributed to the "Hewlett-Packard

" User’s Group library. Materials are available from:
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Hewlett-Packard Basic Users Group Library
1100 Wolfe Road - ,
Cupertmo Cahfomra 95014 )

pcrt .of business education programs can be directed

to the students and staff of:
The E:D;P: Resource Center

San Francisco Unified School District
400 Mansell Street

San Francisco, California 94134

Educators are advrsed to contact the local

chaptem of the followmg orgamzatrons for additional
help: .

The Society of Data Educators el

The Data Processing Management Association
The Association for Computing Machinery
The State Bureau of BusinéSs Education



.HARD OF HEARING by Bruce D. Keepes

COMPUTERS IN INSTRUCTION FOR THE DEAF AND

There is an unusual teacher’s aide being tried
out in a San Francisco tlassroom: He chatters;
whirls; blmks, and in his fashion, treats the

youngsters more humanely than many teachers:

makes i mrstakc he does not remonstrate or

give a farlrng grade. He simply says; “No ; S try

again.’’ He is Computer Tutor and he is so good_ ;

at his job that some "teachers are starting to
worry that they could be replaced
Stcphen Cook San Franusco Chronicle, 1973

l_l\lTRODUCTION

The teachers of acousucally handlcapped youngsters
in the Palo Alto Unified School District (PAUSD)

are not worrying that they will be replaced. ‘They sup-

port the use of a computer as a valuable aid in therr

instructional program The how and why, of ﬁhrs pro-

gram may point directions not only for teachers of

the acoustically handicapped but aiso for teachers of

other handrcapped youngsters and the nonhandi-

. capped as well. 4

The computer-assisted instruction (CAI) pl’O_]eCt

"used by the PAUSD program had its ongrn in a Fed-

eral grant (LTrtle 1V-A) for the development trial use,

and evalygtion of CAIl _miaterials for acoustically

) handrcapped“youngsters Professor_Patrick Suppes of

Q

ERIC

Aruitoxt provided by Eic:

Stanford Umversrty and Dr Dean Brown ofthe Stan-

trict i in plannrng the pl'OjeCt
The initial phase was to provrde in-service tra]n-
ing for teachers on the use of the computer and on

writing lessons. Release time was provided so that the '

teachers could visit other classes and spend regular
class time with professronals in the ﬁeld Later in the
program teachers were given help in testing and evalu.
ating their CAI lessons. The funding lasted for barely

a year; but during that time the teachers wrote over
300 computer-assisted instruction lessons.

From this starting point the program has con-
tinued to develop into other subject areas and to ex-
pand the terminal time for each student. Existing
lessons have been refined; new ones have been added,
and _tlie computer language in which teachers write
the lessons has been'extenided.

Many people with little or no experience in

chrldren to furiction in a hearrng world The normal

* child acquires language withotit conscious effort; the

ears serve as a bridge between spoken language and
comprehensron Jhe acoustically handicapped young-
ster, on the/other hand, is deprived niot only ‘'of that
bridge, but/oftﬂe coricept of the function of language
as a. }pol of communication. It has been estimated

that durrng the first five years of life; the normal

child of avgrage intelligence acquires a vocabulary of

approxrmately 2,500 words more than a deaf child
will acquire. - -

The normal child probably uses these words
after hearing them repeated only about six times: The
average deaf child must be exposed to a word at least
60 times before it becomes a part of his vocabulary.

.Further, the complexity of our language—verb tenses,
- idiomatic expressions, varied defiritions for a single

word, unwritten grammatical rules that are acquired
through hearing—ntagnify these differences at least 10
times.” No teacher could rernain sane if he had to
repéat an idea or cofiCept Or procgss 60 times. er
times is drfﬁcult enough. The computer will repeat

: the same instruction 160 times if necessary without

gny emotion or strain as a tireless dtillmaster:

One of the rationales for establishing the CAl

-
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.program with deaf chlldren was that they need more

drill and tutorial experiences than the normal; hearmgr

child: They also need more opportunities to learn in a -

situation in which their mistakes are subject to public
display: S
Beyond its use as a drillmaster; the computer

also acts as a tutor for acoustically handicapped chil-

dren. Communication between the teacher and the

acoustically handicapped child takes much more time
than with a hearing child; thus the process of learning
a skill ‘or concept is slow even when the subject mat-
tér itselt" is not a problem lt is particulai’ly signiﬁcant

learnxng process. Thercomputer proyldes lessons ln a
tutorial form. The child is presented with new infor-
matior, new facts and new concepts which are later

used in the course. ofa lesson
Further;[ the. ,computer programn can be |nd|V|du-
al|zed to fit a partlcular ChlldS needs. If he needs

only a certain part of a lessor, it can easily be cop|ed

and modified without destroymg the ongmal Also,

all lessons 'tn the computer are avallable to all staff

“members at all.grade levels; at all times. Since the les-

sons do not carry grade levels; a high school student—

if need be—can be assigned.a leSSO,“,j‘i“,“,‘?’l by a
second or third grade teacher w1th no stigma attached.
leew1se a very able student can use lessons wrltten
challenge to his abilities. - .

: ! ;
THE ROLE OF THE COMPUTER IN INSTRUCTING
THE HEARING HANDICAPPED

Dnll and Practice -

ln the Palo Alto Unlﬁed School Dlstrlct the :

major area in which the COmpUter acts as drillmaster
is in mathematics drill and practice. The prograrms

were developed by Dr: Suppes, and the rights to use

them were purchased by Hewlett-Packaid; the manu-
facturer of the PAUSD computer. Hewlett-Packard,

in turn, leases the lessons to us for $1 per year.

The lessons pyovilde a series of exercises g[vlng

the child ampie opportunlty to practlce skills previ-

ously taught through some other meqns The rate of

number of correct responses he has. While the curricu-
lum is fixed and highly structured, the rate of progress

. tor has control over the less

READINGS IN COMPUTER IN THE CURRICULUM

is hlghly flex:ble and the children may work |ndepen- .
dently of the teacher. ‘
The mathematlcs drill and ~pract|ce malerlals
used mamly at the elemeatary level are divided into
six levels with 24 blocks ine The teaches or proc-
control the student is working

on at any time, though if the teacher does not take

any action; the child will be led systematically’

through all the blocks at each level. The computer

niaintains complete records on the progress of each

" student; and these can be recalled by“the teacher

when required.

Tutorial .

In the tutonal role _the more than 350 lessons
|n _grammar, gevgraphy, history, science, government;
driver education, economics, and law prepared by
PAUSD teachers present new information to the stu-
dents. The student is presented with new concepts (or
coficepts previously introduced but fot yet mastered)
and given an opportunity to develop and demonstrath
hlS mastery of them lf he is unable to do so, the

nal stimulus’ material; or—if alf else falls—gwes the

correct answers. Each lesson is maintained on a disc

file in the computerso that all teachers have access to

all lessons at any time:

The _documentation for thesé lessons is con-

tained” in laloe binders provided for each teacher:

Each lesson is documented on- two sides of a smgle
sheet of paper Tlre front s1de contalns the name of
about, speclal instructions regarding materials that
might be needed by the students (for example; an art
lesson requires that the student have ctayons), and
suggested grade levels. On the réverse side is a2 sample
printout of a lesson taken by a student. The teacher
who is unfamiliar with the lesson may quickly scan
the sample page and develop a feel for the level of
sophistication required.

Each acousucally handlcapped smdent spends

computer “The lessons chosen by the teacher or *
teacher aide, are used in a vanéty of ways. Soifigtimes
the material is ﬁrst presented in class and then dis-
cussed and later remforced through computér pro-

grams; sometrmes new material is presented by the

computer and later alscussed in class: Many of the .

language lessons require the child to use an -accom-
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panymg book so that the tutonal aspect of the com

puter is presented in conjunction with a: standard -

textbook. S e

2

TERMINALS AND LESSONS . -

All the terminals used in the acoustically handi-

capped program are hard copy. The computer print:
out is itself used in a variety of ways within the class-

room. The students can bring printout sheets-back to

their class from the _compiiter terminals, and these
“can then be used by the teacher for diagnosis-and sug-
gestrons for further study Sometimes a child takes a

“lesson and th’en is asked to explain it to other stu-

dents thrs gives hrm the opportunrty to functron ina

acoustically handicapped ch1ld with . ample oppcs-

tﬂnity to praétlce his enunciation, pronuncratrOn sen-. .

tence structuring, and othier aspects of lafiguage 'in a

meaningful sttuation:
The lessons ‘writferi by the PAUSD teachers

 used a language called COPilot: This is similar to Pilot

and many other €Al author Ianguages such as course-_

writer and IDF. The ianguage is srmpie to use and’

most teachers learn to write lessons in a few hours:

Most of the teachers in the acoustically handicapped

"program have written the1r own’lessons and appreci-

ate being able to do So. This skill enables them to
view the computer as a tool for their use; not as a

rival. The advantage of usifig an author language such

-as COPilot-lies not only in the ease with whlch pro-
grams can be written, but also in the way teachers can

. modify the; programs for particular students. He can
“write his own materials and progrithis, or he can adapt

existing materials. In some ccases, students can also
write programs, either for younger students or for
themselves as a_leamning experrence COPdot has only
11 basic commands ]

' We have found that programs wrrtten by teach-
€fs use srmple concise Ia‘nguage appropriate for chil-

dren at_their grade levéis. The teachers tend to write:

in a hghthearted and lively marnner, presenting con-
cepts in alanguage readrly understood by the children

 larly those from commercial curriculum corporatrons,

tend to be dull; drab; and filled with turgid prose:)

Teachers writing-their own lessons have an opportu- -

nity to observe the lessons as students take them, and
so to.modify and improve them

. SUMMARY AND CONCLUSIONS

Computer-assisted instruction for iﬁgﬁaefaaggiégjiy

hand1capped has many advantages First is the .edse

wvisual repetition and drill on the many facts and skills
which hearing-children learn as they live. No teacher
could find the-time to do this effectrvely with ‘each

individual youngster- Although wrmng a computer-
assisted instruction lesson’is time sonsuming; once a

lesson has been prepared it is always available when- -
- ever a need arises. Further, students can have an in:-

finite amount of repetition if necessary. . _

Ancther time-saving feature is that most lessons
are Self-correcting. They call the.student’s attention
to his correct answers and they either give him a
chance to correct his mistakes or provide hlm with
" the correct answer.

The use of centrally stored matenals rs hrghly
advantageous Materials prepared by one teacher can
then be used by othérs; this is frequently fiot possible
in a noncomputenzed situation’ because teachers do
not know what materials other teachers have. prc-

pared:

The computer allows the brrghter chrld to pro '

gress as fast as he can by continually challeng:ng him

with new and more difficuit concepts:. Thls student

need not spend as much time on a lésson as another

child who 1s hav1ng more drfﬁcuity For the chrid

Iesson is very rapid; for the child who is hav1ng diffi-
~culty; progress is very slow allowmg for a great deal
_of repetition.

_Another advantage of computer lessons is re-.

movs. of the peer-group competmon that can make
those with greater handicaps aware of their repeated

failures. -
. The computer also i rncreases teaching efﬁorency
rn that the Chlld is saved hours of Iaborro.isly copy

working them. The teacher is spared the monotonous
hours of correcting theproolems and drscovenng that

m-the time lapsc children have repeated a number of

errors many times; thus reigforcing them: With the
computer, the error is not aliowed-to pass: .-

The teachers in PAUSD are extremely enthu-
s1astrc about the. program, but have probably oniy

scratched the surface One teacher reported on a grrl

needed hellp in typlng her name ini order to sign onto .’

136"
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“all through each lesson Soc1ally, the chlld would not
speak to the teacher or to the other children and did -

not want the teacher to touch her. Her progress was
really quite. remarkable By the‘ end of two mioniths,
she was able to do lessons wrth almost no support

from a teacher. Durrng that penod her whole manner

changed She now sits and chats comfortably with the
teacher and chrldren tellrng them about family plans,

. herlessons, and all sorts of other activities.

Parents are also enthusiastic about the compu-
ter programs and have on occasion suggestcd types of

language concepts they felt would benefit the chil-

dren; their suggestrons have been incorporated into

the- lessons: Many others have volunteered to type

COPilot lessons into the computer. The text is al-

most like English; and after typing a few, parents

frequently find that they can write lessons themselves:

The use of the computer with acoustrcally han-

dicapped children has not been witheut its problems:

One of the greatest is that it is hard for a classroom

teacher wrth no release trme to Wnte lessons Whrle-

-lessons is fairly srmple,\wrltlng a lesson is time-

consuming and teachers can only be expected to pro-
duce a limitEd number of new programs eaCH 'yé'ar
ber of lessons a year, ,tﬁhe overall efféc,t in any one
year is to increase significantly the number of lessons
avarlable in the common bank.

A second problem is schedullng ‘the students for
minals are available and chlldren haVe to be scheduled
50 that maximum useé is made of the available time.
This means that children a;¢ sometimes taken out of

tl'rerr regular clas<room activities for work wrth the

terminal; and so miss important classroom activities:

>~ A third problem is systen ielictility: While

computers are now developed to the point where

they are extremely reliable (minicomputers can be ex-
pected to operate reliably with less than one failure
per month), the modems; telephone lines; and Tele-
types are not nearly as cooperative. It is extremely
frustrating to both students and:teachers—who are
operating on a very tight schedule—to suddenly find
that the computer is down. _

A fourth problem-is the cost. Fortunately, the

cost of. the computers is gorng down rapldly The

READINGS.IN COMPUTER IN THE CURRICULUM

chase price of less .nan $3,000 per port. If you add
$1,000 or $1,500 per port for terminals (upper and
lower case Teletypes with acoustical covers are very
satisfactory), you have an initial expenditure of
$4,000 to $4,500 per port. Malntenance on the sys-
tem and termmals will cost approxrmately $25 per
port per month.*

But given th"t we are gradually learnlng how to
solve these problems and that the cost is decreasing,
we conslder that the program is a worthwhile invest-
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COMPUTERS IN THE ELEMENTARY SCHOOL

by Donald Holznagel

INTRODUCTION

Viewed nationally, the elementary schools (including
only grades one to six for purposes of this article) are
currently making relatively little use of computers in

tcomparlson W|th secondary schools*On the other

gatlng |nstruct|onal computer appl|cat|ons were con-
ducted in the elementary grades. While there are

probably many reasons for both situations, one
strong force in both is the limited view educators

have had of what computers can do a second is the

tion and the task of teachmg
The initial and continuing major usage of com-

puters in the elementary school is drill and practice,

especially in mathématics: Certainly, drill is a tool of

the geacher, and certamly computgrs can generate

numbers quickly; make comparisons; and keep rec-

ords efficiently. Just as certainly, however; drill is

only one small aspect of the teaching task; and the

aforementioned computer capabilities; along with

others; make the computer useful in other ways:

An application area of great promise and of
much current development work lS problem solvmg,

solv;ng ,and the learnlng of the processes. A third
application—also of promise but of less current re-
search activity in elementary schools—is simulation
and gaming, for learning both s‘ubject matter and
ways of modelmg and problem solving. =

As might be expected, there are dlfferences of
oplmon on how the computer sitould be used in in-
structlon Some say the student should be h1ghly

. active in the process programmmg the computer, de-

signing games, and controlling devices: It has even

N

I

e |
-
o)
whls

been suggested that the computer should not keep

records about a student’s terminal session; because

that violates a certain trust the computer engenders.in
a student. Others say that any teaching task which is
repetitious and well defined should be assigned to the
computer, freeing the teacher for more humane tasks,
keeping more accurate up-to-date information for
decisions, and placing a student in a respondent role.
Perhaps those are not mutually exclusive propositions,
and aspects of both points of view can be represented
in an elementary school to satlsfy the dlverse needs of
a variety of students

It is clear that elementary school educators WIll
be maklng decrsrons about the nature of computer
usage in their schools, and that to do §o requires an
understandmg of what has been and can be done with
computers: With that basis they can begin to decide

what should be done, consistent with the goals of

children; parents; and teachers in the school:

THE ROLE OF THE COMPUTER IN
EI;EMENTARY INSTRUCTION
Drill and Practice
Elementary-school drill activities, as; we have
said, ‘were one of the earliest lnstructlonal applica-
tions of computers and that'early Work resulted in
In mathematlcs, for example _programs are avallable
which generate excrcises randomly; accept the stu-
dent response, check the answer, give reinforcement;

- and record student progress in a computer file. Such

Rate of studentprogress andrdlft' culty leyel of exei-
cises are determined by the degree of student success
on regular practice sets and periodic tests.
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Speed and programmablllty are two computer ’

capabilities of importance here. A computer can be
programmed to compute random numbers wrthln any

exercises one could ask for random pairs “of whole

:numbers; the first being between 20 and 50 and the

second being between 0 and 9. Thus; two students at
the same point could receive similar, but not identical;
sets-of exercises. The high speed of computation al-
lows the comiputer to generate exercises for many
students and to carry out the required ‘i'ecord’keep'ing
the studEnts and with almost r.mmedrate computer
responses to every student’s input. ’

Most _programs allow teachers to intervene and-

enroll; delete; or change the placement of students in

~the curriculum: A teacher may get matly reports on

the statos of individuals or classes of pupils based on

the records of student sessions kept by the _program.

Although the number and type of reports vary; most

programs include general information reports (names,
I.D. numbers,

parame ters); performance reports

(scores on sessions and tests) and darly activity re- -

ports (who has hada session, location in curriculum,

" unusual success or failure; encountering new con-

cepts).

~ Three current major commercial sources of
mathematics drill and practice are Computer Curricu:
lum Corporation (Matnematics Strands, gr. 1-6),
Hoijght'on’Mifﬂin Co. (]hdividikar 2éd Coin;burbridhél
and ,Hewlett Pa,ckard Corp,. (HP DerI and Practzce in
Mathematics, for gr. 1-6). In addition to mathe-
matics, Comiputer Curriculum Corporatron (CCE)
provides programs in readiiig for grades 4-6 and in
languags arts for grades 3-6. The CCC products are
the results of developmental efforts directed by Dr.
Patrick Suppes at Stanford Umversrty Other certers
of development for elementary school programs and

materials have been Project REFLEET in Mont-

gomery €ounty, Maryland, and the Flint; Michigan,

Public Schools:

Large-scale studies of the effectiveness of com-
puterized drill and practice have been carried out in
McComE Mississippi New chrk City,Palo Alto Cali-
nesota. Current usage is wrdespread, WIth heavy use in
Chicago, Philadelphia, and Los Angeles. The Chicago
school system has centered its elementary school
computer use on drill and currently is SUpporting ap-
proximately 500 terminals. .
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Most large-scale studies have been done wrth

large numbers of termmals supported by grant funds.

Since ‘that is not a typlcal situation in the average

school district; the Twin Cities area study attempted

to determine the effectiveness of drill and practite ini -

more common srtuatlons assuming only one. tenmnal

per school and a variety of school orgamzatlonal struc-

tures and phrlosophres It was conducted in grades 3

and 4 of nine suburban and rural schools of TIES; a

cooperatlve of 34 Mlnnesota school &i;iﬁéié The re-

echtlve with low-ability fourth graders who have
daily sessions of 5-7 minutes and that these students
showed greater progress than similar students not hav-
ing computerized drill. Studies in the other situations
also indicate more rapid and efficient mastery of
skills when students are given daily computerized ses-
sions of 5 to 10 minutes’ duration. The other advan-
tages claimed for computerrzed drlll over manual
metitods are the more efficient aiid complete record- -
keeprng and reporting, the relief of teachér effort in

generating voluminous nonrdentrcal exercise sets, and

the highly individualized nature of drill séssions. Off-

setting these; however, is the teacher time requrred to

study and make use of the reports and to manage the

logistics of terminal usage when a limited number of
términals is available. Furthermore, the cost of ter-
minals, computer time; and programs could be con-
sidered prohibitive. . '

‘Some educators tEéling that the most valuable
nonidentical sets of 7exercrses, haye ,attempted to
focus on programs to be used specifically to generate
such sets in clear, copyable form as masters £dr,duplil
cation. Such programs keep no records and do not -
prov:de for student interaction at the terminal. The
teacher ¢an prescrrbe the type of exercise set by enter-

,,,,,,,

lems, and problem types on the termmal and will

recervie ‘as many different versions as desired: A com-

plete answer key for each master can also be gener-

ated at the same time. Such programs have the ad-

vantages of not typrng the student’s drill sessronrto
termrnal avarlabrlrty or school burldrng open hours;

in_ the Mlnneapolls Publrc Schools; funded by the
Minnesota Council on Quality Education.

It isimportant to keep in mind that, in the fore-
going discussion of drill, the computer is viewed not
as teaching but rather as providing an improved way

.o

.
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of presenting a classic supplement to the teaching-
learnifig process. There are those who do not agree
with_ this use of computers. One view in opposition is
that thie proper use for the coricept of drill programs

programs, because |t l‘orces them to definé processes
and consider all poss|ble mlstakes g

computer program and a student, where the program

is the tutor: Such programs are developed or authored

by te hers or others having an understandmg of the

progédures of tutoring and a Iinowledge of the topic

tO anguages
specifically for this purpose are available on various

Re taught. Several computer languages invented

computers and aré intended to provlde an easier -

medium for nonprogrammers to use in designing drlll
as well as tutorlal lessons

programmed |nstruct|on to wide-ranging dialogues

" where many paths may be followed depending on the

student response. The advantage of using a c'om'puté'r

the computer can be programmed through keyword_
searches and othier methods, to interpret student state-
ments of any kind and respond in a wide variety of
ways. It could be caused to issue the same response to
two student statements hav1ng dlfferent wordings but
the same meaning, or to issue different responses to
two identical student statements

Two prominent centers of tutorlal materlal de-

) velopment for elementary schools are PrOJect RE-

PLATO project at the University of lllrnors Products

from both places are mostly in mathematics but also

include reading, language arts, and other topics: Both

projects make use of special termirals: The PLATO,

Terminal is of particular interest for its technology

and usefulness and great long-term implications:

Heavily funded by the National Science Foundation;,
the PLATO project could generate.a large amount of
lesson material in the near future.

. A problem of increasing concern is that, al-
though the néwer author languages are easier to use
and teachers can .author lessons without also be-
coming computer programmers, the samé languages
are not often available on computers of different

READINGS IN COMPUTER IN THE CURRICULUM

manufacturers Hence we are l‘acmg the prospect of

increasing avallablllty of lesson material but with

limited ability to share the resulfs with colleagues on

a widespread basis: Some would argue; however, that

in order to properly |nterpret responses, oile needs to

know the way the student uses language, which can

be different in two groups of children; hence limiting
the desrrabrlrty ol‘ sharing ’csson materlai

Kl

Problem Solving
As 2 category of applrcatrons the problem-
soivrng label covers a var|ety of actrvrtles whereln the

very |ntensrve

A common activity is the use of a prepared pro-
gram called from a computer library to compute re-
sults for data supplied by the student. The goal is not
to understand the solution algorithm—it is assumed
that the child already understands the process and
that his repetition of the calculation is not beneficial
or deslrable—but rather to use the results to further

understanding of a topic of study. A common exam- -
ple which mlght have use in eiementary school is a

program to find the average of a set of numbers, per-

haps gathered in a science expenment of a survey.

Most current emphasis in usage and mvestrga-

tion is in student-written .programs to solve probleims

related to such subjects as math and science and in

the conccnitant. leamrng of procedures of probiem

~solving. This activity requires the student to learn a

programming language. Most commonly available to
elementary age children is BASIC; some usage of it
can be observed in many elementary schools. The

seme elements ol‘ BAS!C in the Ffth grade and using

BAS!C for general problem solvrng in the sixth grade.
Other school districts around the nation are trying
stch activities, although perhaps not-many to the
same degree as a mandatory part of the _curriculum. _
Two other computer languages, PILOT and LO-
GO, are the focus of current investigation and devel-

opment efforts wrth specnl emphasis on elementary -

age children: The center of PILOT activity is the.

Stanford Research Institute. Versions of the  language

are working on severai different kinds of computer

systems and usage is spreading. PIEOT has been used

»
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i

/

BASIC N LoGo

10 PRINT "HOW:-OLD" ARE YOH" 10 PRINT "How OLD ARE YOb"

20 INPUT A" L 20 TYPE. IN "ANS"

30 IE-A > 10 THEN 60 30 TEST: ANS > 10 :

40 PRINT "YOU'RE A BABY YET" 40 IF TRUE PRINT "GEE, You' RE

, o ANCIENT"

50 GO TO 70 50 IF FALSE PRINT "YOU'RE A BABY

‘ 60 PRINT "GEE, YOU'RE ANCIENT" END . . . A

Figure 4-4. A sariple program in BASIC and LOGO.

extensively by elementary children in the San Fran:
cisco Bay area.

The LOGO language was or|g1nally developed at
Bolt, Berauck, and Newman and Massachusetts Insti-
tute of Technology It has been used as a tool for in-

vest|gatmg the nature of problem solving and for
teaching problem solvrng methods by researchers at

Syracuse Un|vers|ty in addmon to the or|g1nal devel-

opment groups, and some Work has been done at the

University of Pittsburgh_and in Montreal;

The following statements illustrate some of the

beliefs of those who say that studegt programming

enhances problem solvrng and the learning of problem-

solving procedures:

1. Chlldren learn by doing thines and by th|nk|ng
about what they do.
2. Programmlng helps students think about the

dane algonthms

3. The act of computer programming faC|l|tates

~ the acquisition of rigorous thinking.

4.  Programming helps develop systematic thought

) processes in approaching problems. ---

5. Programming helps students learn certain mathe-
matics concepts. ¢

6. Programmmg prowdes a laboratory framework

for'exploring mathematics:

If those pr|nc|ples aré correct; we need programmmg
languages which are powerful yet simple to learn and
use, so that they can be taught to young children:
BASIC, PILOT, and LOGO are efforts in that direc
tion. LOGO, the latest of these and designed specifi-
cally with children in mind, has been the focus of the

most up-to-date research in; teaching problem solving;
having been taught to groups of students in every
grade level from 2 through 7. In one such research ef-
fort, the Syracuse project examined four questions:

What content areas can be supplemented or re-
placed by LOGO matenals"

ate curr|culum area" .
Do children become more expl|crf and log|cal
in their thmkmg as a result of working with
L()GO"

4. Does LOGO develop mqumng attitudes and

self-sufficiency?

a

" Results on questron 1 suggest that children gain much

mathematical experience in a concrete fashion not
ordinarily available; some ‘eveh contend that LOGO
could form. the_framework for the mathematics cur-
riculum. Regarding question 2; it was evident. that
children do' gain skills in planning and solving prob-
lems,.and perhaps problem solving as a topic should

- have a place in the curriculum. Evidence is inconclu-
' ,mve on the last two questions. .

'/’ The example in Figure 4-4 |llustrates a slmple

. ‘student program in both BASIC and LOGO (|ntended

only as a sample—not a definitive companson)

i
W
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" Zounty; New York; dunng 1965-1967: Three com-

puter-based economics games for the sixth-grade level

-were developed and tested on a small scale with a

group of sixth-grade students; The testing did not
yield any conclusive evidence on the effectiveness of
tHe games but showed that it was possible to use com-
puter sunulation in the elementary school; that the
experience was enjoyable; and that the same.material
was taught in less time than by noncomputer meth-
ods. The three programs were the Sumerian Game;
the Sierra Leone Development Game; and the Free
Enterprise Game. In each, the students play a decision-
making role (e.g. a city-state ruler in the Sumerian
Game) and are expected to make decisions about the

allocation of resources. As they corntiniie the simula-

trons they should begrn to note the consequences of
their decisions and hence learn somethlng about the

nature of the economic system in which they are

operatmg

Learning about the nature of the system is one

objective of usingsimulation as a teaching tool: If the

model is close to reality; one could expect students to

learn something about reality by engaging in the

simulation. At the same time; the student is experi-

enclng a computer appl|catlon whlch 1s wrdespread in

simulations of river systems are used by engineers to
see the effect of a decision” on dam construction;
dredging, or othet change without having to suffer
the consequences. A classroom parallel might be a
simulation of populat|on growth in an animal species
veing_ studied. Students could. manrpulate the al-
lowed huntlg harvest and note the efﬁects on the size

But srmulatlon actlvmes for classrooms have
been avallable for a long time, so why use a compu-
ter" One reason is that because the student is. not re-’

complex and therefore miore reallstxc Another rea-

son is that the computer can generate random nufti-

bers quickly and hence ‘introduce random factors

(drought; d1sease) in a way which appears more real-

istic because no dice-rolling or card-drawmg is neces-
sary as 1n a manual s1mulatlon

mentary students: to. exper|ence situations not other-
wise possible in a classroom and to learn about one
method of problem solving with Computers used in
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many wal’s’ of life. The : lack of developmertal ef-
fort, however, means that not enough programs are
currently available to’ make a significant impact: in
elementary educatiori. The teacher is left to make a

professronal judgment on the value of a given game or

simulation for a specrﬁc class or situation, and would

probably find as many colleagues in agreement as in
disagreement:

o

Computer theracy _ o

The term “computer litéracy” has come to be

used to describe the knowledge most people need tc
functica in, and understand the computerized aspects
of; society. It is possible for elementary students to
learn many such concepts. In fact; if such knowledge
is expected of all citizens; elementary teachers could
assume responsibiiity for prov1d1 it; since the ele-
mentary school 1s almost the ﬂlace we can still
) Usrng a computer in an ‘bf the modes dlscussed

1s “teaching something about computers and their i use-

~fulness If a computer is used only for drill, a student.

would be to make use of many appl|catlon modes
Another step is d|rectly teacthg computer concepts

begins its elementary computer cum"ulum with some

instruction to all fourth graders in computer concepts.

A variety of demonstrations can be designed and

some actual student programming can be done; such

activities have been successful in many schools

SUMMARY AND CONCLUSIONS

The computer can be viewed by teachers as a sophisti-
cated, important medium for expression; but—like
other media—it must be-used where it offers an in-
structional advantagg. If drill or simulation is inappro-
priate i a given situation, doing them on a computer
in mrlllonths of a second is no more appropriate,

however spectacular. Educators need to avoid beinig

. astounded by what computers can be made to do and

become concerned about what they shouId be made
to do: -
Our application of computers to instruction has

been conditioned by our view of the process of edu-

cation. The computer can be used to do, perhaps

el
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more efﬁciently. some of the things teachers have
always done, and it can be used to do things teachers
have not been able to do. Whether either is worth the
cost depends on how highly one values those practices
or possible changes. The question of what constitutes
good _instruction has never been answered by one per-
son for all others. It is incumbent on teachers to learn
about computers and about the processes of educa-
tion, and to apply the former to those aspects of the
latter which receive their priorities. :

As a framework for summarrzrng applrcatrons
coversrthe current need.,The 7Crrnrdrcates an areaol_'
current or past cffort and the F indicates areas which
appear 10 offer the most frurtful ground for future

excluding further work in C areas).

. Lang. Soc B
MODES Ma th Readmg Arts  Stud. Sci.
Drill and - B 3 B ’
 Practice C C C ) B o
Tutorral C F F* F 'F
Simulation F : C F
Problem . . o
~ Sclving o - F F
Computer N ) ) K

Literacy C F F

lariareas t‘or computer applrcatrons in elemen-

tary schools:

While the goal in this article is to discuss the
computer as an instructional tool, a computer so used

can also be used effectively to assist the management

of student experience and activities; in fact, such
usage is receiving much atterition. This is another
story worth pursuing. ) :

Of course, there are problems of logrstrcs physr-
cal limitations, and technology which affect any
attempt at computer use. The cheapest avarlable pririt-

ing terminal is also the noisiest and most ct.mbersome

Telephone transmission is subject to the vagaries of

extraneous noise and electrical- disturbances: Incon-
venient locations of power outlets and telephones
impose classroom control problems (see the Martin
reference for a more complete delineation). One or
more of these factors is sufficient to invalidate.com-

puter usage in a given situation; in the same manner

as the 16 mm Flm which farls to arrive or the day it
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would be most effective. While contingencies must be
planned for and problems considered; the reliability
and quality of technology appears to be moving for-
ward raﬁidly, and we can eibect a fairly rapid conver-
wrth increasing readrness of teachers to explore com-
puter gpplrcatrons

applrcartrons rn eﬁlementary school usage, to summarize
some effortsin the most Qrominent applicatiOns areas
brref to be exhaystrVe 1n sourcesand reference and i 1n
the reporting of what is known. The reader is urged
to delve more deeply in areas of special interest; the
foilowing references are a good starting point.

riﬁEFEﬁENéﬁ

Brown, Stephen 1., et al.; Final Report: June, 1973
' SU/LOGO Pro;ect ;‘SUR,QEPRC ‘Syracuse,
N.Y- Syracusé University, (Excellent material

on problem solving in elementary school)

- Curriculum Package Descriptions and Sample Lessons.
Palo Alto, California: Computer Curriculam
Corporatlon v o

Feurzei~. W, and Lukas; G:; “LOGO-A Program—
ming Language for Teaching Mathematics;”
Educational Technology, March 1972. (A gen-
eral discussion with examples: ) “ .

Introduction to HP Drill and Practice. Hewle’.:—

) Packard Corp.

Martm Gerald R, The 1972-73 Drill and Practice

Study. Mrnnesota School Districts Data Process-
ing Joint Board (TIES); 1973. (Available from
TIES, 1925 Courty Rd. B2, Roseville,
anesota 55113))

Wrth A Computer » Educatzonal Technology,
April 1972; (Some fun things done by elemen-

_ tary students.) _

Project REFLECT: F‘nal Report
Einstein High School.

Rubin, Sylvan; “A Simple Instructional Language.”
Computer Decisions, November 1973. (A brief
discussion of PILOT and.its predecessors.)

Saturday Review of Education, May 1973: See pp.
48-50 for Suppes, Albrecht, and Papert view-
points on computers in education.

CAl Prdjéct,
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- Shaw, Schaefer; and Hiehle, Teachers Manuai: Wing, Richard L, et al;, The Production and Evalua-
*  Individualized Computational Skills Program - tion of Three Computer Based Economics
Computer Version. New York: Houghton- Games for the Sixth Grade. Yorktown Heights;
Mifflin Co:, 1973: / N.Y.: BOCES First Supervisory District, June
Wallace; Scott; “Bridging the Gap Between Teacher 1967 - A
and Programmer.” Computer Decisions, June .
1972 “
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COMPUTERS:IN LANGUAGE ARTS by David H. Ahl

INTRODUCTION .

of its power to mot|vate

Unlike science, in which our boundmg tech:
hology has forced reallgnment of the curricula every
five years or so, or-mathematics, which has seen the

invasion of the New Math and computer program-
ming; changes to the Engllsh (or Language Arts)

curricula have been of an evolutronary nature. Some

of the traditionaily rigid rules of grammar are bemg

de-empha5|2ed durlng the earl|er years to encourage

nal composition with less apprehension. Nevertheless,
grammar spelling; word definition; sentence construc-
tion, and the like must stiil be taught at some point in
order to assure a reasonable level of literacy and com-

munlcdtlon sklll

performance in scnool as well as in acareer is closely

tied to communications ability and reading compre- -

hensron there has been increasing emphasis on mak-
ing the reading portion  of the curriculum both
relevant and fun. One approach is teaching on three
levels—facts, concepts, and values—irnstead of -facts
alone: For example on the facts level a student may

be requrred to memorize all or part of a poem. He

must know the author and his background when the

poem was written; its rhythnuc pattern;, and 0. of.

On the concepts level; however, the student |nter-

prets the mearing of the poem and perhaps looks into

how the heritage of the writer mlght have motrvated

him to write such a piece. One step further, on the

* nalues level; the student might be asked to relate the

meanmg of the poem to his own Everyday llfe or to

write a p|ece expressmg the same message in con-
temporary terms.. .o

The. computer holds an’ excmng spectrum of
pOSSLbllltleS in the area of Langu wuge Arts: Today; the
seed has barely germinated: Just as the slide rule; cal-
culato", and finally the computer have become wel;
come tools to mathematicians and scientists; there is
no reaSOn ‘to think the computér should not bécome

will not make an illiterate student mto a great author
however; it may well give the reticent student the

conﬁdence he needs to tackle a writing assrgnment on

his own:

Perhaps most promlsmg in I}mguage Arts is the

use of computer games, to make readmg, gramimar,

words; and other facets of English “more fun: The

computer; in other words; can motivate students so

that they really want to read and write: For example

there are games that assist the student to clarify word

- definitions or express thoughts in a clear; concise

" manner. Other games lielp students take the first steps

in original writing by helping them write a poem or -
humorous story

saine baS|c concepts Occasronally, the computer
plays a data-analysis role: for example, it can analyze
the frequency of word usage in a novel or tabulate
line and word length to determme readablllty

H\
A
Cu
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USES OF THE COMPUTER IN LANGUAGE ARTS

Dnll and Practice

_ This is the most common role ot the  computer
m Language Arts. By giving the student drill and prac-
tice -on concepts that have been prewously presented,
it relieves the teacher to devote individual attention
where it is needed. With the computer the drill and
" practice is self-paced and can bé presented until the
student achieves mastery of the, necessary basic
Englrsh skills.

Here are two examples from drill-and-practice

programs: -

Eiaﬁiﬁié A

IF “HF. FOLLOWING WORDS ARE CORRECTLY SPELLED,
RESPOND Y ; IF INCORRECT, TYPE THE CORRECT SPELLING.

EMUARASS-

WRONG. CORRECT SPELLING IS EMDARRASS
GAUGE

?Y

CORRECT!

R :

SEIZE _

YSIEZE o S

WRONG. THE WORD WAS CORRECT

Exampie §

HERE IS A SENTENCE:

GORILLAS OFTEN SLEEP IN ’I‘REES.
WHAT IS THE SUBJECT OF THE SENTENCE?
?GORILLAS
RIGHT
WHAT IS THE VERB?
20FTEN. _ _. :

NO, TRY AGAIN
?SLEEP
CORRECT

spelling and (B) parts of speech

Tutorial
Figure 4-7 contains two examples of tutorral.
programs suitable for use in Language Arts. The first

“is a traditional tutorial; the second combines reading
‘comprehension with word definition.

p
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Data Analy/st/ P \

As mentioned in the mtroducnon the compii-
ter can analyze the frequency of various words or
constructlons in a wrltten plece, or pErform other

For the mostpart these apphcatrons have been hmlted
to research cnvironments and have not reached the

point of classroom application. For example, the

writing of Bertrand Russell in Mysticism and-Logic is

much heavier than that in eiarence Day’s ttfe With

Father. While what, is heavy or light reading is nor-

mally a siib)ectlve judgment on the part of the reader,

perhaps a computer rhythmlcal analysls of phrases

can shed some light on the terms in a quantitative

manner.

Games
Many students are apprehensrve about writing

, original work; even more are “turned off” to English
and Language Arts. By use of the computer; Language

Arts can be made more fun. Original composition can
be introduced in a gradual, nonthreatening way and
students_can learn to express themselves without fear
of ridicule or embarrassment..

Excerpts and exercrses from four computer :

pages 136-138. BUZZWORD an entertaming _game,
introduces new words to students and motivates them

to find out what they mearn. MADI:!B also presents

word def‘mtions and synonyms in an enjoyable game:

The poetry programs go one step beyond MAB-,

xth a poem whrch in a

LIB and help the student

phrases provided by the slndent but arranges them in
a random manner—a slmple technique but extremely
motivating.
The ANIMAL game is enjoyable and addlctlve

It also teaches efficiency of expression in’'a most un-
expected manner. The computer program simply asks
the student to teach-it neéw animals (it starts knowing
only a bird and fish) by givingit a question to distii-
guish each new animal from one it already knows.
Easy at first, but wait until the student has to state a
question which can be iﬁéﬁ'el‘ed yec or no that will
distinguish a panther from a leopard Not only does
the student learn about animals (whlch is secondary)
but he learns to descnbe differences between similar
things in a clear concise manner—and has fun doing:

it!
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i Examp’ie’ A

TWO OR MORE WORDS; USUALLY CONNECTED BY A CONJUNCTION;,

ARE FREQUENTLY SUBJECTS OF ONE VERB.

USUALLY THE VERB WITH A COMPOUND SUBJECT IS PLURAL
PAT AND STAN HAVE THE SAME CQLOR EYES.

MUMPS AND CHICKEN POX (HAVE, HAS) BROKEN OUT IN CAMP:

CORRECT - -

BOTH ‘THE Gm‘lM’AR AND STYLE OF K‘DVERTISING (VA‘RY A‘RIES):
CONSIDERABLY FROM FORMAL ENGLISH.

. *?VARIES .
NO; TRY AGAIN THE SUBJECT 1] 'GRAMMAR AND STYLE'

.?VARY ; . '
CORRECT . .

o

2

Exanmiple B .

BRAD HAS A STRONG COMMITMENT TO REACHING HIS GOALS.
OCCASIONALLY, PROBABLY UNINTENTIONALLY, HE STEPPED
ON BOTH TOM KND DAVE WHII;E TRYING TO REACH HIS
OBJECTIVE.

2

IN THE - PARAGRAPH ABOVE BRAD IS PROBABLY PLAYING

IN A §o6ﬁam:L GAME (¥ OR N).

CORRECT. THE Go.u.s SPOKEN OF ARE BROADER THAN THAT. 5
IN THE PARAGRAPH, COMMITMENT MEANS: A) REFERRING A MATTER
TO ANOTHER; B) FAITH, C) PERSONAL PLEDGE, D) ACT OF
PERFORMING. .
')B . *
FAITH IS CLOSE IN. MEANING,; BUT AS COMMITMENT IS USED HERE,
IT IMPLIES MORE THAN mmx. _
2C
YES. BRAD HAS pnomsm) HIMSELF THAT HE WILL DO HIS BEST TO
REACH HIS GOALS; ,
UNINTENTIONALLY MEANS: A)j WITHOUT STRAINING, Bj WITHOUT
- PLANNING; C) NOT BEING PRESENT, D) GETTING MIXED UP

B NO. YOU MAY BE CONFUSING 'ATTEND' WITH 'INTEND'
INTEND AND INTENT HAS TO DO WITH ONE'S PURPOSE AND RLANS.
?B

CORRECT. BRAD DID NOT fNTEND OR PLAN TO STEP ON TOM AND DAVE:

Figure 4~7. Sample interactions with two tutorials—
«~ (A) subject verb agreement and (B) comprehension.

o 14g
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PERCENTAGE DISTRIBUTIONS OF RHYTHMIC PATTERNS
)  PATTERN RUSSELL  * DAY
RISING FEET 48% 1%,
FALLING FEET 13 21
CREST , 26 24
.| TROUGH ' . _0 11
AR LEVEL 13 3
- Eéi@ - "100 100

. e

The Garme of BUZZWORD. -
Everyone has heard of buzzwords: In these days

-of specialization, every profession has his share: Buzz-

words generally describe something new for which

there is no siandard dictionary definition. They fre-

quently become overused so that people feel obllgated

to use them in speeches or reports simiply because it is

expected. ° Lo

_ EXERCISE1.

_ . Using the “educator-speak” buzzword generator
gel,ow take a random word from Column 1; one from
Column 2, and one from Column 3 and create 2 buzz-
word phrase. Do this 10 times. How many of the in-
dividual words do you know the meaning of? Loo

up the-words you don’t know. How many of the 3-
word phrases make any sense and how many are sheer

g 2 3
ability learning groliping
basal evaluative  evaluative modification
behavioral ~ ~ objective accountability
child-centered - cognitive ~ process '
differentiated enrichment core curriculum
flexible scheduling algorithm
discovery humanistic performance
heterogeneous  ‘integrated “ -  reinforcement
homogeneous non-graded open classroom
manipulative training . ~ resource
modular vertical age “structure
Tavistock motivational  facility -
individualized creative: environment ’
EXER(‘ISE 2

Run the program BUZZWD whrch produces 3-

word “phrases from high technology industry; or .
- g _ .

[N
~

145

- story he asks each person in the roo

Figure 4-8: Sample data analysis run in language arts.

3

SPEECH,; which produces 3-word phrases m the lan-

guage of educators: Run the progrim you have selec:

ted 10 times. Agam how ‘many phrases make sense

and how many are nonsense?
OPTIONAL PROJ ECT N

For one of the professrons hsted below, f‘nd 30

buzzwords and write a buzzword generator of your

.

own.
~ Medicine Civil Engineering
Law -Social Work
Finance Psychiatry .
- Women’s Wear Entertainment )
) -T{arisponatio"ri  Agriculture

The Game of MADLIB
o Mad]lbs.ra creation of RogerjPrlce, was de-
signed as a hilarious paity game. The leader has a

sheet of paper i llke the one below, containing a short
story with certain words missing. Bert;ore reading the

he asks eac to supply one
-word—the first person may be asked for an adjective,

the second for a noun; etc.—until all the blanks are

filled in:: The leader then reads thersjory to the group

in a hearty; booming vorce F{gr{re 4-
madlib. With MADLIB; we can axeréise real creativity

with synonyms; Corrsider msggad qf “brg we could
say “huge,”. “trei‘hendous,” “eno ous » “bulbous;”
“bulgrr/rg,” “massive;” or “boundless.*
g |
-* EXERCISE1. /
For each of the followmg ords _write ]0 of

the most ludicrous Synonyms voit.can think of. Try

“to do it by yourself, or use a dictionary or Roget’s

Thesaurus. Compare your word/lists with those of
- other class rnembers

4-9 is a sample )
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MEWSPAPER ANTICLE

Mrs. Filf Vanderbold, the___ and

adj.

the former

ad).

heiress has filed (or divorce from her tusband, Percy Vanderbold, -

of Hurvard, class of '38, now in the

adj. noun

bust

noun

Sra. Vanderbold claimed ibat her husband Kad

a

- adverb

Riven her a —— in the.eye and had kicked:
noun .
her twice tn the_____ . and the

. .4 Mr. Vanierhald; when asked to comment, said "

Thie t8 2+ le.
ady.

in the, 3 M

noun noun

exclamation

I only pinched her

"Figure 4-9: Sample Madlib story sheet:

a
small rough
old ugly
- Witty brain
E‘(ERCISE 2.

- _Play MADLIB or MADLB2 on the computer.
Set the tone of the finished story by using all ugly
sounding words or all political words or all buzz-
words from one profession {(from BUZZWORD Exer- -
cises). Compare your stories with those of other class

members.

Wn trng Poetry by Computer '

Poetry does not necessarily need rhymes regular
meter, or a particular structure; it can be a combina-
tion of words that tell a story, convey an impression,

or express emotions and feelings.

EXERCISE 1. -

Run the'c computer program POET for 4 page or

two of output. This is heavily random except that

phrases from~our groups generaily follow in order:

The phrases; for the most part; are similar to those

that might be used by Edgar Allen Poe. Some of the
stanzas will seem to make sense. Overall the impres-
sion is one of evil darkness and impending doom.

s

ERIC

Aruitoxt provided by Eic:

, ,Bustlmg leaves

O.X. WE'RE OOING TO WRITE SOME MAD-LIB STORIES
TOGETHER. YOU BUPPLY Tlll'. MWORDS, 1 SUPPLY TLE PLOT.

lBBT 1 NEED 11 ADIECTIVES, 'ADJI'CTI\ES MODIFY
n'}éOLN, .., €D, DIRTY, LARGE, ETC. .

?CONFUSED

TMOLDY ..

2 FREE2ING o
2HAIRY :

NOW I NEED 8 ADVERBS. . THEY MODIFY VERBS
AND END IN "LY" (SLOWLY, CREEDILY, ETC.)
?BLOWLY .

?GREEDILY

78LOPPILY

Dlm..v ORUNT CLASSIFIEDS

PO& BALEL JDH EEDAH THIS REV CAH I8 TN A DIRTY CONDITION,.

T WAS FORMERLY OWNED BY A LAKGE SCHOOL TEACHER WHO ALWAYB
DROVE 1T SLOWLY. = THERE 18 A UGLY INBECT IN THE BACK SEAT. IT _
HAS-A CHROME TELETYPE ON THE HOOD,-A CROOKED PAINT JOB. MESSY

TIRES AND THE BACK OPENS INTO A WHIRLING PENCIL. ZWILL CONSIDER
TAKING A !LlOHTLY UB’ED MARTINI IN TRADE.

LUST: -IN. THE -VICINITY -OF MAYNARD DUMP. A CONFUSED FRENCH
POODLE_WITH MOLDY HAIR AND A FREE2ING TAIL, IT ANSWERS TO
THE NAME OF SALLY.. WHEN LAST SEEN IT WAS CARRYING A CARBAGE

__CAN 'N ITS8 MOUTH.” A HAIRY REWARD I8 OF'TERED

(Figure 4-10: Sample run of MADLIB.

EXERCISE 2

group select one of the groups of words below and
-use them in the computer program BARD. This pro-
gram is the same as POET except it allows you to in-
put your phrases instead of using those already in the

computer.

NATURE PHRASES

N

Harnessing energy

Industrial might

Carpet of fers
Tang of dawn -
Swaying pines

The song of nature

'Furnaces roaring ;
Around the clock

Entrances me -
""""" Computer tapes whir’
Gently caresses
Radiates calm Rubber, zinc, glass
(You write these 5
‘phrases)

Mighty oaks
Grace and beauty
Sllently singing
Nature speakmg

Captures my senses

-

INDUSTRY PHRASES
Steel, oil, timber, nylon

o 'Mmmg;castmg, reﬁnmg

Throbbing, pulsating -

o
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Untouiched, unspoiled Machines and people

Shades of green lmp’r’dying life
Tranquility Congquiering poverty
. . Evérmore Energy . ..

So peaceful . . . Technology . . .
EXERCISE3. - -
Choose a sub_|ect and make up 20 phrases
about it: Use the phrases in the program BARD

- .

EXERCISE 4.

Read the computer generated poetry below Do

you like it more or less than poetry written by hu-
mans? Why? 7 o
Since the computer was programmed by a hu-

man; maybe we should regard the computer as an
" extension of the hand or the |ntellect of the writer:
In this case the poetry is still really a product of the
writer. Do you agree? Why or why not?

OPTIONAL PROJECT i.
Write a program to compose any krnd of poetry
you wish.
Some examples of computer-generated poems
are given below.
“Astronomy " <. "4 Lioness”

Taste and touch brighten Upon the shore

_ spring snow - All night .

~Weeds broughit the refusai Grotesquely _

Unbearable Frigid I"na1 a Lioness
says

Weeds loitered western stars'

~ The earth catwalks the east  After a river

rim : Too soon
Less vivid To feel
Shining meat-eating

To rest the earth
"To have fog breath
The lit*le wes‘ern stars fought

émotion

"Grinned
“Beyond the SkuII »

Happy I cned selfconscrously ﬂeerng the crty
Green my wife g1ves to focus and cunnrng passages
Secretive thc streets live g.xlprng wrth medrtatrons
Inland mountains hurled as trumpets below blades.
Analgeslc mland mo,untams grow to be 1 my head.
Secretive clues watched gulping so that hell
Tarnished my north room to arrange beyond the skull

READINGS IN COMPUTER IN THE CURRICULUM *

Cunning passages meditate eyelids of stone .
Whité western stars had brought wind into city.

EXERCISE 1.

For each of the followrng parrs of anrmals
wrrte two questions that will distingujsh between
them. Write one question so that it cai be answered
“yes’" for the first animal in the pair; the other, “no.”

DOG TIGER MOOSE

HORSE PUMA RAM

ELEPHANT CAMEL  OCELOT

HiPPOPOTAMUS LLAMA CHEETAH
EXERCISE 2.

o There are many possrble ways to distinguish be-
tweenr two things. For each of the followrng pairs of

animals, write seven questions that w1|l distinguish

between them.

OSTRICH PENGUIN
GIRAFFE GORILEA
EXERCISE 3.

___ Play ANIMAL on the computer. Teach it the
famrly of animals you developed for this exercise. If - -
members of the class have chosen different families
of animals the 'co'm'plit'er should be able to _identify

want rt to remember the anrmals you have taught rt
answer SAVE to the question: :

ARE YOU THINKING OF ANGANIMAL"

Also; for alist of all the animals “known” by the com-

puter, just answer LIST to the above question: (See
Figure 4-11 on the followmg page.)

SUMMARY AND eanctusiam

For years; novelists and saentrsts have been wrltmg

and philosophizing about the computer and its effect

on man; his pnvacy, his leisure time, and his outlook;

The computer in schools has had a profound effect

on teaching mathematics and science; only recently,

however, has it begun to be used in the Language Arts

curriculum. Nevertheless, its role promrses to be sig-
nificant, principally because of its ability to motivate:
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ARE YOU THINKING OF AN ANIMAL?
ARE VOU-THINKING UF AN ANIMAL? YES
DOES IT SWIM? _ NO _
DOES IT HAVE A TRUNK” NO
DOES IT GO ARF? _ NO. .
DOES IT HAVE RETRACTIBLE CLAWS® YES
<. DOES IT _LIVE IN_THE JUNGLE™ . YES

rr THE KING OF THE JUNGLE? NG

(A-TIGER?--NO --

T}ﬂ' “ANMAL _YOU wrnr THINKING OF WAS A_7. . pPANLHER .
PLEASE TYPE-IN A QUESTION THAT WOULD DISTINGUISH A PANTII!:H
FROM A TIGER ___
?DOES IT HAVE STRIPES . -
~FOR A PANTHEHR THE ANSWEHR WOULD mgE? o

ARE_YOU_TilINKING OF AN ANIMAL? YES
DOES IT SWIM? YES .
DOES IT HAVE SLIPPERS? NO

IS IT THE LARGEST KNOWN MAMMAL"” NO

IS-IT A FISH? NO

THE ANDMAL. YOU WERE. THINKING DF_WAS_A- 2 TURTLE

PLEASE TYPE IN A QUESTION THAT woOL -D DISTINGUISH A TURTLE
FROM. A FISH.. _ _

DOES IS HAVE A BONY SHELL WHICH ENCLOSES 1Ts BODY

FOR A TURTLE THE ANSWEN WOULD BE? YES -

Figure 4-11: Sample interaction with
thje computer game; ANIMAL:

After students play some of these games they

no longer feel as threatened when they have to write

something themselves. Their fhotjghts and creative
talents seem to be freer. The automatic “turn-off”
reaction some students have to writing tends to dim-
inish, and al! of a sudden creative writing is fun:
There is no doubt that the computer will play a

more in{luential role in the Language Arts class of the . ..

future. It may never be able to teach a student.the
richness of expression, the humor, the drama; or the
poignancy to become a great author, but it certainly

139

will help the vast majonty of students to express
themsélvés in a more creative, clear, and concise

manner.

REFERENCES

Ahl, David H., Creative Computing in Language and
Art. jPrepnnt of a forthcoming book, 1974).

Allen John R:; “Current Trends in Computer-Ass:sted
lnstructxori Computers and the Humanities, 7
{1972), 2[7—55 ,

Bowles Edmund A, “Towards a Computer.Cumcu-
lum for the Huﬁéﬁmes » Computers and the
Humanmev 6(l97l) 37-45

Cianfymg Values . Through Subject Matter
" Applications for the Classroom. Minneapolis:
“ Winston Press, Iric., 1973. '

Oakinan, Robert L., “Computer Educatﬁxgnﬂfpr the
Humanities: Multxple Possibilities at the Uni-
versity of South Carolina.” Proceedings of the
Fourth Conference on Computers in the Under-
graduate Curricula (1973), pp: 373-376:

Straub Detmar, W., Jr., “The Machine and the Rain-
bow: Computers in the Full Spectrum of the
English Curricuium:” Proceedmgs of the Fourth
Conference on Computers in_the Undergraduate

Carricula (1973), pp. 216-221.

Thames; Anna Marie; “CAl and Englxsh A Tentatlve
Relationship.” Proceedmgs of the 1972 Confer-
ence on Computers in the Undergraduate Curri-
cula (1972); pp:305-310;



COMPUTERS IN THE MATHEMATICS CURRICULUM

by Waiter Koetke

INTRODUCTION

educatron”

The cc:nputer is here to stay Today S educators

should be, in fact must be, concerned with f'ndrng
the best ways to use computing facrlmes. There is no
loniger any merit in debating wheiher or not the com-
puter is a useful educational tool. Those who hoped,
and those who feared, that computers might take
over the task Vof educatron were respectively Vdrsrarp-
pointed and pleased. The computer is probably the
most valuable single tool aviilable to the education,
but it is certamly fiot the only one and certainly ot

useful in all situations:

Students who use computers like doing so and

are motivated to continue: All of them? Of course

not—but_far more than any other srngle technrque,
device; or idea has been able to intrigue: Student mo-
tivation is accepted as one of the key: to successful
teaching; and all who have observed students using

computing facilities are’impressed; if not amazed; by

the very evident high leval of motivation.

Students with reasonably unrestricted access to
computing facilities do astonishingly good.work. Be-
cause they are unfamiliar with the usual adult con-
straints of what can and can't be done their work is

Q
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often creative and occasionally srénrf'cant far beyond
their classroom. Do you know how many perfect
.lumbers there are? Don’t look in a hrstory book—the
last three were drscovered in 1970 by a high schooi
student wrth access to computing facrlrtres

Let's examine some additional fo:ts about the

use of computers in education: These mrght be of

even greater interest because they were not always ac-

s
Cn
G

cepted as true. They can all be characterized as former
myths that have been demonstrated to be false.
Myth. Duly the best students can use.the com-
puter. When I had the opportunity to woik with first
and second graders who were writing, entering, and
executing their own programs, this one-time myth
was valid, but its validity ends at about that grade
tevel. The myth is particularly noteworthy because
exdctly the opposite has proven triie. Students with a
low achievenient record benefit more from computer
use than those with higher achievement. The reasons
for this have not been clearly defined, but motiva-
tional differences are probably very: 1mportant Most
students with hrgh achievement reccrds are already

well motivated, while students with low achievement.

records are not: Since increased motivation is one of
the most noticeable effects of computer use; a poorly
mOtrvated student Wiii be more affected than one
= Myth Use of the computer in educatron is a
luxury, not a necessity. Dr. Arthur Luehrmann of
Dartmouth College is receiving increased support for
his contention that “‘computing is a new and funda-
mental intelle'qtual resource, in the same sense that
readjng aﬂd writing and mathematics are ,fu'ndam'ental,
intellectual resources.” How many educators -will
categorize reading, Vwriting, and mathematics as edu-
catronal luxurres rather than necessrtres”

. mic moment Can mathematrcs educators afford to treat

the computei as a luxury" Do today’s mathematicians
and mathematrcal apphcatrons appmach the -compu-
ter as a luxury" Throughout the history of mathe-
mtics, the major emphasis of mathematicians has "
shifted to serve the needs ofsocrety best: Today that

emphasrs is on algorithms and computatlon The

changing mathematicat needs of our society should
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not be treated us optlonal luxuncs lhey shiould be an

important; requtred part of the curriculum.

One aspect of this changrng emphasis can be

seen by aguin looking at the history of mathematics— -

a history filled by clever men creating ingenious
schemes to avoid computation: With the avallablhty
of the computer; computation has become very easy
rather than tedious and difficult: The ingenious
schemes from the past remain ingenious, but their
importance is h1stor1cal rather than contemporary
Mpyth. The comput

porated ifito the tradltlondl structure of education.
For sonie types of computer use, _primarily problem
solvrng, this myth remains reality. Although problem
sulving is perhaps the most valuable instructional ap-

plication. the other possibilities cannot be ignored.-

The computer inakes possible truly individualized in-
struction, testing, and evaluation—the type of individ-
valization educators have long attempted but never

,ach.;ved

The cnmputer provrdcs students with an exten-
sion of their own intellect. 'Ihcy can explore test,
analyze and create on a scale never before possible.
The work of Pr: Seymour Papert co-director of the
artificial intelligence laboratory at the Massachusetts
Institute of Technology: has given some lnsrght into
the tremendous cducatronal potentral of the com-
puter. Dr. Papert’s “mathland” cannot; however; be
described as a typical educational environment: The

differences are in fact one of the primary reasons for

_the success of his work. Some specific examples of
likely changes in the methods of mathematics instruc-

tion are examined in the article *“The Impact of Com-
puting on the Teaching of Mathematics,” lisied in the
btbhography

Wlhere are we now” What changes should bc
.mnupalcd in the near future? Corisider each of these
questions as they apply to the computer’s different
instructional roles:

USES OF THE COMPUTER IN MATHEMATICS

INSTRUCTION

Q
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Driil and P’;aétic'é
practice clearly requires interactive facilities: Batc;h
processing dnstallations. will have to omit this applica-
tion entirely. Programs to provide drill and practice

; S 8

not necessary. a medium-sized computer will often
simplify the programming effort required.
‘The majority of drill-and-practice programs

riow being used have at least one common property—

they are boring. Such criticism should not be applied
too harshly, however, for the very nature of drill and
practice is boring in all but the cleverest disguise. The
more effective drill-and-practice prograt.s seen by the
author have been written by studeénts for their peers
When the glmmrcks of the student programmer are

of a teacher/advrsor effectlve dnll programs can be
developed I have bserved them for chemist
French (verb conJUgauon) ar'thmetrc operatrons spe-

cial education, and polynomial factoring.
One possrblei future benefit of computer-
controlled drill and practice is that the computer can

be programmed to record student progress and report

it to the teacher. Although this added drmensron has

many positive possibilities when the computer is also
used 'in_a tutorial role, record-keeping in a strictly
drill-and-practice situation has yet to excite many
teachers.

Two cauttons are in. order for the teacher _|ust

generated exerc,tses at the1r own pace; the upper limit
imposed upon that pace can be rather slow. Terminals
and video displays with a data transmission rate of 30
characters per secorid are far more desirable than the
usual Tcletype speed for th1s application. Second, stu-
dents who need drlll and practice usually need it
1mmedlately, on @ very specific topic for a very

limited period of time: Thus to be a generally effec-

tive device; the teachers’ hbrary requnres a substanttal

programming effort as well as routine maintenance:

Today the use of the computer as dnllmaster is

limited because effective drill and practice requires
that a single student tie up a terminal for long periods
of time. As the cost of terminais continues to drop
!em will be less stngcant. Over the next ﬁvc yeurs,
however, [ suggest that mosi drill and practice will be
prodiiced locally by the teacher/student coalitions
already described. If you are particularly interested in
this application. start programming, | do not believe
that truly effective, ieasonably priced drill-and:
practice programs will be available commercially dur-
ing the next five years.

[y
ot N
RN
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Tutonal 7

Work to date has only begun to reveal the tre-
mendous potential of using the compiiter to provide
the Socratic dlalogue type of instruction. If education
is ever to be equally available to all children, the com-
puter will be chiefly responsible.

The most effective tutorral instructional net-
work I have séen that is actually |mplemented and
berng used is- that supported by the Miistry of Edu-
cation in ()ntano, Canada: The|r ‘program is des|gned

to meet the remedial and review needs of students

studying high school algebra. The province-wule net-
work is used by hundreds of students each day: The

performance of all students is monitored, and analysis -

of the monitored data is part of a continuing effort to
improve the program.

_ A computer tutor clearly requires a medium-
sized, interactive facility. Using batch processing
would be fimilar to giving Socrates a halfmillion-

dollar amplifying system so he could.be sure his one ﬁ
student heard the questions. Tutorial programs

written for m|n|computers are primitive and abbre-
viated at best.

~ If you are lnterested in tutor|al appl|cat|ons be
patient. As you view existing systems, remember tliat.
y0u are probably Seeing a very primitive eXample

ties. Truly effectrve use of the computer as tutor
must permit the user to respond as he W|shes—not

with “yes” or ‘‘no; 7’ not with the correct answer
spelled right or the wrong answer; not with a mult|ple
choice selectron and not even necessarrly with an

answer; he may have another questlon Fantasy; you

say? Such systems do exist! But they are not widely

available; they require large computers, their develop-
ment;costs are staggerlng, and their reaction time is
often measured in minutes. There are even programs
that can.understand, analyze, and solve a conventional
statement of an algebraic .rord problem that might be
found in high school textbooks. Again, however, you
can_probably teach your-slowest student to solve the
problem before the computer finally prints the an-
swer. The computer tutor is the educational hope of
the future, but that future remains distant.

: l;rbhlém Solvirig

Computer as Problem Solver ) :
If you attend almost any demonstratlon of
computers in educatlon, particularly those of the

| -y
U
<

READINGS IN'COMPUTER IN THE CURRICULUM

belreve that th|s number-crunchmg appl|cat|on is the
main educational iise. This is a reasonable conclusion
after yoil are shown an impressive program library
that can handle everything from binary addition to
double |ntegrals In reality, however, the appl|cat|on
rarely occurs in the mathematics curriculum. Perhaps
a rad|cally d|fferent mathematlcs currlculum wrll

such change in the near future. -

é&fﬁﬁbfé{iﬁj@aﬁiﬁiﬁé Problem-Solving

This is where the action is! Allowing students

to write; enter; and ~debug their own programs is un-

questionably the primary educational application
today—-and is llkely to remain so for at least the next

‘five years. Teachers can use it to have students review,

re|nforce lntroduce apply, or create new ldeas
|mag,|nat|on.,The computer is !ntfe,nded to be a tool,
and here it is used as intended. The teacher can use
the new tool to teach, and the student can use the
new tool to learn and explore.

Teachlng problem-solvmg reqU|res no more
facﬂmes are superior, batch pr0cessmg does not to-
tally exclude this appllcatlon but it does severely
restrict it: The greatest mistake a teacher can make is

to underestimate the scope of the work students will

do: The compnter is a tool unlike anything else—it

really can be an extension of their intellect—and
every effort should be made to provide them with an
adequate facility.

Testimony regarding the merits of teaching
problem-solving have come from advocates of all the
instructional roles of the computer..The student who
writes a drill program learns more than the student
who uses it. The student who writes a tutorial pro-
gram learns far more than the student who uses it.
After one of my students wrote a tu.orial program
on polynomial factoring; he challenged me to find a
factorable polynomial that he would be unable to
factor without the computer. I was unable to find
one that even offered a significant challenge. Students
Who Write simulati’o’ns games or data analysis p'rdi
their programs.

The problem-solvrng appllcat|on can be used at
all grade levels, including elementary. The work ofDr
Papert has been focused primarily on elementary
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school thldren and all are wrltrng therr own pro:
grams. They fot unly manipulate numbers, but they
also play music, draw pictures, and control robotic
turtles thruugh which they can simulate certain as-
pects of their own behavior:

The largest bulk of curriculum materials avarl-

able t()ddy assumes that the computer is bemg used in

rntegrated into the regular mathematics curriculum.
Materials for the regular curriculum are coming, and
their already overdue arrival should be applauded. In
my Opinion elective courSes are fun, Stimulating,

matics tedch_erscan honestly report that therr wor[( is

serving the nieeds of society and its children only after -

the comptuiter dnd. the new mathematical priorities it
dictates have been incorporated into- the regular
matheématics program.

Data Analysis )
 Including datia analysis in the mathematrcs cur-

rrculum is likely to suggest a course in probability -

and statistics. Such & course—not just a chapter—is
long overdue in many secondary schools. There are
several reasons for the delay. When presented on a
theoretical level, the subject quickly restricts itself to
the better students. Realistic probleis, even with
Lapable students, are often excessively difficult. When
computing facilities are available, both of these ob-
stacles are drmmrshed Theuretrcal prubabrlrty does

not become any easier, but havmg a computer to do

much of the computation reduces the amount of
theoretical material required. In addition; far more
realistic problems can be solved with computer assis-

tance. This application will; however, be difficult to

-pinpoint as a separate item because in most cases

Q
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student work is also likely to involve problem-solving
as well as the creation and use of simulation programs.

_ The future should contain a growth in_the im-
plementation of data analysis applications. Minicom-
puters are quite capable of handling most of the
programs. Data analysis is one application for which
batch processirg can be effectively used. Hopefigly,
the future wiil also find science and mathematics de-
partments working together on problems of data
analysis. Work in the science laboratory is often an
ideal application for the techniques of data analysis
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taught by the mathematics department. Schools with
their own computing facilities may even be ablc to do
on-line, real-time data analysis.

Srmulatrons and Games

alienate teachers who do not understand their place
The current state of the art is well documented in
DaVrd Ahl ] 101 BASIC Computer Games. Certarnly
games interest stadents, and most will play a new one

two or three times before becommg bored: Where

then is their value? The most obvious benefits are ob '

tained by those who write the programs a task on
which many students are willing to Spend many hours:
When writing programs they are working in the
problem-solving role; and the value of this role needs
no amplification. Is there value in simply playing a
game written by someone else? When play is guided
by a skilled teacher, there is indeed value. Analysis of
the strategy followed by a program can be both chal-
lenging and valuable. Is it the best strategy? Why?
How wis it determined? Let studerits play a garie in
which the computer’s strategy is good but not best—
then challénge them to determine and defend a better
one: Educatronal benef‘ts of game playing is an appro-
priate toprc for an entrre  paper;

And then there are simulations: Here again, the

one who does the programming learns the most; but

simulations can be a valuable teaching aid: They are

rarely in the exclusive domain of the mathematics

department—they provide a convenient means for in-
volving staff members from other departments in
computer usage. The simulations available today have
come from two sources: federally funded programs
and student-teacher coalitions. The few really good,
intéresting, and educational simulations today have
come from the latter. I expect the_future to contain
a continually increasing number of good simulations
as c'o'ihpi.rting facilities bec’ome available to larger

When consrderrng srmulatrons teachers should

remember two facts. First, a good simulation program

is not trivial. The programming and research effort
requrred is srgmfcant Once written, a good srmula-
tion is lrkely to be used only ofice or twice a year in

each class studyrng that the aspect of the subject S0

that the actual use of simuiation programs represents

only a very small percentage of total computer use:
This will not change until a great many more good
programs are generally available. '

| oy
yr
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SUMMARY AND CONCLUSIONS

What shoiild this discussion mean to the experienced

~"t'ea'ché'r‘7 td thé nOVicé téaché'r‘7 Hdpéﬁilly ybu’vé

that there are more questlons than answers when oné ~

examiines the use of the computer in the mathematics
curriculum.

Ifyou choose to leave thh only one conclusxon
let it be that computer use ifl a somewhat modified
mathematics curriculum is mevxtable during the next
five years, and that the computer will play an ever
greater role in a ngmfcantly changed educatxonal

structure during the next ten years. The choice for
both expenenced and beglnmngrteachers is clear: one

can help in planning the new mathematics curriculum,

or one can sit back and watch things change around

him. The precise place for, and best use of; the com-
puter in the cursiculum is not know: All teackers are
faced thh thc perhaps umque opportumty of havmg

experts ,the, _educ_:a,tlonal use of computers is still a
new topic. Learn about computers; then help develop

and refine computer applications in that which you've —d

chosen as a career--the teaching of mathematics.
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INTRODUCTION -

The era of *“new mathematics” has left serious scars

. on mathematics education. With its emphasis on struc-

ture "abstracti'on, deduction, and precise language,
a generatron 0f " students th have poor 'c'o'mp’ijtati'o'nal
skrlls and little or no understanding of mathematics as
it relates to the real world and who have been unable

study of mathematics i
Born ifi reaction to the defects of the traditional

mathematics curricalum and a Wrdespread publrc

mathematrcal illiteracy associated with it; new math

was intended to make mathematics dnderstandable

“In_the new math,” as the social satirist Tom Lehrer
quipped; ‘“‘the idea is to understand what you’re
domg, rather than to get the rlght answer ” Yet the

mathematical illiteracy and has not successfully pro-
vidcd motivation for the study of mathematics. Stu-
dents by and large still have a distaste for the subject.

Fiirthermore ih 'o'rifyihg déductibh and abi
math,curncula attempted to present mathematrcs as
they had come to understand it. But for many stu-
dents, this approach clashed wrth a developmernt pro-
cess ofmtellectual growth. Piaget* tells us that formal

logic in the adult sense of the term (the kind of lorrrc ‘

required by the rigorous, dedUctrve approach of the
new math) does not even begm to be formed untrl
eleven or twelve years old or; for some children; even
later: Thus; for many secondary students, the modern

* mathematics camculum was simply incompatible

with their stage of intellectual growth:. Those who

*Jean Piaget, To Lndersrand is to Invent (New York
Grossian Publishers +1973),p. 50.
/- b

had not yet developed the intellectual structures to *
deal wrth the currrculum were in grave drfﬁculty, for

Educators and mathematrcrans are begmmng io real-
ize that in order to head in a proper direction for re-
form they must first of all be sensitive to the findings
of the developmental psychologists. They mus’tcjreai
a mathematics curriculum which allows for individual
drfferences in development, and which gives a teacher
the ﬂexrbrhty to create learning environments that
respect the stage of each learner’s mtellectual growth
This rfieans that the curnculum has to make _options
available for leamers just beglnnmg to acquire formal

logic as weli as for those who are more highly devel-
oped. .
Educators and mathemati'ciaiis designing a new
se'c”on'dary' mathefﬁatics cijrriclilum are alsd ackhdwi-

vating_ the study of mathematrcs and makmg it a

- sensible line of study for the adolescent to pursue. As

it is presently taught, mathematics does not and ger-
haps should not appeal to ninety-eight percent of the
students. Morris Kline points out that it i now pre-
sented as an esoteric study of abstractrons entirely
intellectual in its appeal. It may have some emotional
values for the creative mathematrcran but certamly
not for the student

At least two related strateg1es can be suggested

“for motrvatmg a study of mathematrcs One is to re-

late it to the real world, and indeed even to demon-

strate or let the student discover how the mathematics

arises from and describes real world expenences Mo-

tivation for the nonmathematrcran cannot be mathe-
matical: -
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It is pointless to motivate complex numbers
(for example) for tlie general student by asking
for solutions to x* + 1 = 0. Since nonmathe-
maticians don’t care to solve x - 2 = 0; why
should they care to solve the former equation?

Calculus texts “motivate’ many of the concepts

and theorems by applying them to the calcula-
tions of areas; volumes; and arc-lengths. But
these dre also mathematical topics and the fact
that the calculus enables us to calculate them
does not make the subject more engrossrng to
the nonmathematicians.”

matics arose '", response to such problems For the

lay person; mathematics should be a means to an end,

and one should be able to use the concepts and rea-

soning to derive results about real things.

The use of real and especrally physrcal problems
serves not only to motivate mathematics bat to
give meaning to it .. . the ellipse is not just a
peculiar locus but the path of a planet or a

comet: Functions are not sets of ordered pairs

but relationships between real variables such as
the height and time of flight of a ball thrown
up into the air, the distarice of a planet from
the sun at various times of the year, and the
population of a country over some period of
years. Functions .re laws of the universe and
society: Mathemut. 4 eonc"pts arose from such
physical situatior:. =« phenomena and their
meanings were pk~:al “or those who created

mathematics in the ird pl.Ret

Much lip service was given ¢« relau; i mAL - atics to
the real world during the ez 7 th2 new i :Ithi But

“applications” were for the a8 (pa t llrm ¢ to the
word problem section a' cha;- -

S5 in wrr'"h the
student was asked to ‘use soqi.: 2bsts-~tions .= has
“learned” to solve a contri. 4 3ad .aruficial “yrob-
lem” about real tiings. Rately woee st dents given
thie opportunity, the tire, anc th= su port 10 maks
substzntial setise of and truly tuderst .@ ine.mat) -
matics in terms of the teul world

students acquired boru.:, meamngless (to them) and

*Morris Kline, Why Johnnv Can't Add (New York: St.
Martin’s Piéss, 1973), p. 1¢5.
fibid.; p. 153,

e
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easrly forgotten slulls Many succeeded srmply be-

cause they became proficient at.symbol manipulation,

but they in fact lacked any understandlng of what

this is the result of moving t00 quickly to a highly ab-
stract level without taking care to ground the ideas in
real world experiences or at least in e)&periences ata

to be used in math educatlon is to capitalize on the
intimate relationship between mathematics and the
world of real expErience

iration is rmnlred by the ﬁrst, it is to use a. ‘“‘construc-
tive” approach to mathematics. With this approach;
students themselves do the discovering ofr'elétjonshi'ps
and the creating and building of theorems and proofs.
In mathematics as it is currently taught, the student is
asked td accept frbm oi.itSide ﬁn éli’eady djgaﬁiied ini

stand. The Constructlve approach would put the
learner in a context where autonomous actrvrty would
lead him to discover relationships and ideas by him-

self: This is not to say that the student must redis-

cover all of mathematics; bat only that when feasrble

students ought to be given the chance to arrive at

some of the major mathematical ideas on their own:

Traditional and modern math textbooks both grve
students the impression that mathematics _|ust some-
how zame to be. That mathematics is a very human
endeavor escapes them. And if they do realize that
the thébré'm's and proofs in a geomEtry book for éx-'

wrote them reasoned dlrectly and unfarlrngly to hrs
conclusions. Mathematicians kiow that most creative
work in mathematrcs is rrddled wrth false starts guess-

and thus are reluctant to become involved in auto-
nomols activity related to mathematics. They see no
ethrc of trial and error or of exploratron on the pages

both introduces the student to new concepts and en-

courages him to become invoived in the process of

building mathematical theories of his own:

USES OF THE COMPUTER IN MATHEMATICS
INSTRUCTION

Any role that is defined for the computer in mathe-
matics educatron/necessarrly emerges from the basic

/
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phitosophy and orientation of the mathematics cur-

riculum itself. Computer use over the past several
years has been shaped and controlled by the philoso-
phy and content of the new math curriculum: Thus,
students have been asked to program algorithms in
order to learn them; because learning algorithms was
valued as an end in itself in the curriculum. Since the
curriculum itself Was formalistic the computer was
tutorral routrnesrhaverbeen popular, agarnfbecause
they supposedly helped students master the facts and

dependent rnvestrgatron was not; for the most part,

valued or encouraged in the secondary mathematrcs

used secondary mathematics as a context for develop-

ing mathematical mcdels: This approach did not fit

the general curricular orientation, and teachers who

used it kad to be willing to go off the beaten curricu-
lar path.

If the new directions for reform outlined at the
beginning of this article influence the mathematics
curriculum of the future, our view of appropriate
roles for the computer must also be influenced.

€

Drrll-and Practlce and Tutorial

The role played by the computer as drrllmaster
or tutor as it is currently conceived and implemented
would have little use in the new curriculum because
it makcs 1o contribution to developing an éthic of

Iearmng m"'hematrcs Nor does 1t 1oster real under— '

standing. {lsther, by 1mphcntron it blesses and encour-
ages memon7auon withieed understandmg and the
developmem of skill in s¥mbol manipulation. It di-
veoces thec:y fiom applrca")n and isolates drill and
p:. tice in u »iz algorithmic from any context ir

wiich the de*t and practice coi trrbutes  to sorme other
goal i1 drill ’ii“ prictice is needed, it can probably be

daie :: effectively without the compu ter as with rt

But 'c*ally, we spould attempt to raise it to a
probletni-solving leve! ¥ a strategy which: will be ex-

plainéd in the foliwin,, Jiscussio”.

: . a problem-solving
Robe. »:iiZ in his work on
. zi? rary school ¢i it 2, It is found
« . applicakilitv, powever. See
: Srrtice ut the Problem Solv-
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Problem Solvmg 7 :
Use of the computer as a problem solvmg tool

will take on new importarice under the new drrectrons
for the curriculum: One of the ‘major concerns in the

earlier discussion of curricular reform was that mathe-

matics be more authentrcally related to the real world,

both in terms of creating learning situations in which

mathematical concepts could arise from direct experi-

ence and in terms.of applylng newly discovered

mathematical ideas to real world problems In addi-
tion to the highly formalistic approach of the modemn
math curriculum; there were : probably two other
major problems which heretofore prevented integra-

tion of mathematics and real experience. One was
lack of full teacher understandrng of the relatronshrp
Whrcv to make real world mvestrgatrons, because once
we become ermeshed in real problems of sighiﬁcance;
¢alculations often get complrcated messy, and are
prone to error.

The compiiter provrdes a powerful tool whrch
can truly enable building the bridges between mathe-
matics and the real world. A study leading toward the
concept of functron, for example, might begin with

- observations of everyday phenomena which exhibit’

functionai relatronshrps (e g the Werght of a package

_and the cost to mail it; caloric intake and body

“weight; the circumferences of crrcularioblects and

their diameters). When some understandrng of the no-
tron has been developed we may want to ook at

functron derrved by P_earl and Reed for the growth of
populationt:
. . 7

I +a(2 718

where y is the populatron ofa country ¢ years after ‘a
fixed data, 2 and & are numbers whose values dépend
on the region to which the formula is applied, and L
is an upper limit imposed by physical conditions on
the population of a region or couritry. Students can
use the computer to generate points for plotting a
graph of this function, and for exploring the varia-
tions caused by changmg ‘parameters. They can dis-

cass the meanings in real terms of the graph and the

5

ing Level-An Alternative (Washington; D.C.: Curricu-
lum Development Associates, 1973).

. 3ee Morris Kline; Mathematics and Western Culture
«New York: Oxford University Press, 1964).

16y
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variations: Given values for Z; 7, a, and k which make
the formula specific to the United States:

197.27
1+67.32(2.718)-0313¢

Y

students might again use the computcr to gcnerate

data for plotting a graph which depicts the growth of

the populatlon of the United States over a period of

years. Populatlons predicted by the formula for

specific years can be compared with census reports
for those years—leading to a discussion of the nature

and limitations of a’mathematical model. Population
growth for other countries can be studied. Other func-
tions derived for population growth might be found;

and students could use the computer to compare the .

p’fe'dimom of each. Many other ijiieStions and direC-

thing that is very real i in the stude,nt s experience -the
number of people_in his world. Significant investiga-
tions are taking place, and it is the computer which
enables these to occur. Without the computer, it

" would not be feasible for a student to conduct this

sort of investigation. Done by hand, the calculations
would be unbearable

written by a student or group of students or it could

be supplled as a “canned”’ program: 7Here a srgmﬁcant

point can be made: If students write the program

themselves, they are in a context where writing the

program is not an end in itself; nor is it done only
to learn an algorithm or reinforce a fact: The end of
the activity is to get the student to use a mathematical
function to investigate population growth. Yet in the
process of achieving that end; we can also work
toward accomplishing other objectives; some of
which “‘might be skill in programming, practice with
exponentials and graphing. or building understanding
~f the notion of function. But here, these objectives
are achieved as by-products of engageinent in the

principal activity of investigating the nature of popu- -

ming or graphrng exponent'als are no longer endS, m:’

themiselves; they have been raised to a prob’lemiso'lVin'g"
level and become means to an end that makes sense m
the students’ world of real experience. /

~ Many investigations of this type can be deslgned
and rntegrated with computer use. Especrally helpful

. ,’
» . h
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in plannmg endeavors of this sort are such books as

Morris Kline's Mathematics in WestéPh Culture and

James Newman’s The World of Mathematics.

The new curricular and pedagogical consldera-

tions help us to further evolve our view of the com-

puter as a problem-solvmg tool: In particular; the -
computer can play a significant supportive role if we
begln to take a constructive approach that allows and
encourages students themselves to discover ideas and
build theorems and proofs. The approach can be used
to get at specific mathematical contcrt and also to
involve studentsin the process of making independent
investigations by observing data; creating hypotheses,
and building theorems.

For example, one pervasive concept in secon-
dary mathematics is the relationship between an alge-
braic representation of a set of poiiits (an equation)

and 1. . "~ gjepreSentation of the same set of
poini " thie equation). Understanding the
relau . %n equation and its graph is a
funca- 2irzrical skill, which ascumées even
grmeater . #u€n we put rmore emphasis on
.. ap, .. of mathematics. For simple linear
and oo m.atzor's this rel auonshlp is easy to

demn: uns'm" wid Mustrate. But once the equations

becon.e more mtere,tlng. tedious calculatrons are nec-

essary to gt'nerate enough pomts to get an accurate

picture of the graph of the equation: The calculations
involved in determining points which satisfy equations
descnblng the conic sections; for example get very
messy, are exceptionally prone to errc  'nd usually
involve the use of a square root table s a conse-
quence; students usually do not themselves “con-
struct” graphs from the points generated by the
equations and make. their own conjectures about the
nature of the graphs which result from ceitain types
of equations. They are deprived of extensive experi-
ence with graphing a variety of equations and the op-
poriunity to make pictorial associations with the
various types of equations. In short, there is not

 riuch chanice for them to make sefise of the relation-

ships. In many cases, Stil;de;rjts,res:ort to leariiing the

rnto specrf'c, ‘forms” and then learn the “rules'f for
identifying the type of graph that will result from
specific equations. But in fact, they lack any real
i'nderstanding, for they are forced to use pure abstrac-
tionis too quickly. For many students this jump does
violence to their mtellectual development and the
psychologists wouald tell us that moving so fast to a
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high level of ubstracticn is a very good way to stifle

- concept development for all learners.

On the other hand, if a Studenit can write or

have access to a compuser program which will gener-
ate sets of points that -.tisfy an equation describing
4 conic section; he can use the computer-generated
data to plot as many graphs as he wants or nceds to.
He can compare the equations with the graphs, and
he can begin to make somé hypotheses”about rela-
tioniships between ~the equation and the shape and
positionoi-tlig graph. He can test his theories and
refine theém. [n this way, the student is able to make a
more extensive and understardable study of the rela-
tionships between an equation and its graph than was
cver feasible without the computer, and he can build
an experience base which will enable him to under-
stand the trangition to an algebraic analysis of the
équations. But most importantly, the student will
himself have discovered the relationships between the
¢ juations and their graphs; and will have become in-
volved in the process of creating mathematics. ;
~ Another major fole for the computer emerges
when we think about using a constructive approach
to mathematics education. We can begin to think of
the computer as a problem-suggesting tool as well as a
probler ing tool. o ) o
0. way to involve students in creating mathe-
matics by building theories is to put them in learning
situations where, while there may be no specific con-
tent we hope they will discover, they can encounter

data which suggest hypotheses that they can formu-
late, test, and revise, and from which they can build

iheorems. The computer can be of enormous yalue
in creating such problem-suggesting situations. An
illustration will clarify the idea: .

Many secondary students are familiar and com-
fortable wiih real riumbers. in the raw, even though
they are still not able to deal easily in a formal logical
manner with algebraic statements involving real vari-
ables. Thus, they can observe data or tables of real
numbers ‘and make hypotheses about patierns they
see, even though thé same hypotheses handed down
in the abstract would probably baffle them.

Project REACT developed a computer program
which enables such independent investigations. This
program (1) lists, tallies; and'sums the factors for any
given positive integer and (2)'lists, tallies, and sums
the fuctors of every integer between any two giver
iitegers @ and b inclusive. Even the tables of numbers

generated by listing, tallying; and summing the fac-

~

149

tors of numbers from 1 to 30 is replete with patterns
and relationships which students can discover. The
data themselves suggest problems to explore and
questions to pursue. It is in this sense that we can
view the computer as a problem-suggesting tool: it
gives the student access to data that would never be
available to him if he had to generate them himself.
 Use of the computer as a problem-suggesting tool.
also promotes individualization in one of the best
senses of the term: Several different learners can use
the same data base, and each can pull from it prob-

lems and questions at his own level of sophistication:
Some learners will make only the most obvious ob-
servations and hypotheses, and develop only intuitive
proofs, while others will develop intricate theories
and be able to present formal, deductive proofs. But
all will be engaged in the important process of creating
mathematics, and will have the freedom to move in a
direction which respects their level of intellectual
growth. Many computer programs of this type can be
designed by both teachers and students, and some are
even available as canned programs.*

Data Analysis , o
Use of the computer for statistical data analysis
is cértainly appropriate in mathematics education,
especially as we look toward to the future with its

emphasis squarely on applications. A program such as
the Statistical Analysis Package (SAP) described in
the: Uses of the Computer In’ Instruction booklet
would certainly merit use in the mathematics curricu-
luin. Applying statistics to the real world is one of the
most familiar applications of mathematics, and also

one that can generate a high level of interest among
students:

*See in particular the REACT Mathematics Units
{Poriland, Oregon: Northwest Regional Educational

Eaboratory; 1972). Anothcr good example of a pro-

gram_which supports indjv lized investigations is

one suggested by John Williamson in his article “A

General Structare for the Study of Prime Numbers,”

The Mathematics Tedcher, 60 (March.1967). William-

son creates some. new definitiorfs and points a direc-
. tion for investigating the distribution of prime numbers
" in a variety of domains. A rather simple computer pro-
. gram is used for the investigation. The data generated
', are rich with. patterns and Suggest many theories and
" questions Which could be formulated by even average
sqcondary students.

A

\
\
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Simulation =~ o

Computer-based simulations and games 1lso
havs real relevance to thie mathematics curriculum.
Once again; the computes plays the role of an enabler,
for by developing mathematical models as the basis
for computer simulations; stud:ts gan get into the
process of éxpéi'irperiltiiirrlgr}yith their models. The com-
puter allows the otherwise static model to come to
life and allows the student to explore the implications
of his model and refine it appropriately.

One shouldnot assume that sophistication in

higher mathematics is prerequisite to building models.
Even young learners can build models witich, though
elementary and crude, capture some essential features
and relationships of a real situation: A wide varijety of
suggestions at various levels of difficulty for models
which could be built by secondary ~iadents can be
found in The Engineering Concepts Curriculam Proj-
ect_publication The Man-Made World. The develop-
ment of mathematical models and eventually of
simulations could be for some students a natural out-
growth of a mathematics curriculum which focused
sharply on the relationship of mathematics to the real
world and used a constructive approach.

Some Concerns S

Several major concérns must be voiced at this
point in the disciission. The first relates to the nature
of the materials that will be offered 1o support com-
puter usage. In miy opinion. if computers are to be

tully atilized, the possibilities must arise from the
context of a total curriculum rather than from iso-

«ated appendages to whatever eise happéns to be in
use by the teacher at the time. A good curriculiim

must have a clear Conceptual design, appropriate -

teaching methodologies, and an underlying theory of
learning with which the concepts; content; and teach:
ing methodologies are consistent. It should also be
“unfinished” in a very sophisticated sense-* An un-
finished curriculum has a c nceptual design and a
content backed by scholarship in the academic dis-
cipline which gre compatible with a creditabje theoty
of learning. It{is not ‘bounded by a rigid scope and

*The nofior of afi unfinished curriculum was first cog-
ceived of by Francis R: Link; Senior Associate at Cur-
riculum Development Associates, in characterizing the
curriculum as Man: A Course of Srudy.

t
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sequence; rather, its conceptual design is clear enough

. to enable teachers and scholays to adapt, modify, and

. 0 beyond the original design. It gives teachers a valid

and usable framework within whick they can develop,.
test, and use materials and activities. An unfinished
curricalum provides teachers with a model curriculum
and invites and encorages them to continue its devel-
opment in accordance with their own talenits and
teaching situations. Such a curriculum enables teach-
ers to look at their own developments ini a broader
context and gives themi a basis for judging the effec-
tiveness of these developments. If such a curriculum
could be developed for secondary mathematics, it

would allow for continuing developments in computer o

usage, but it would help teachers know how to use

these developments and still preserve the integrity of

the curriculum: L
Directly related to this is a concern foj teacher

education. Use of the computer as conceived- in this_
paper requires a revised view of téaching and learning,

and in many cases requires of teachérs new intelectual
skills in mathematics: There cani be no successful imi-
Plementation of a curriculum which expects these
changes on the part of teachers without a strong com-
mitment to teacher education. Ideally, the teacher
education should be curriculum-based, and should he

an integral part of the dissemination effort.
summaRy ,,

The roles defined for the computer in math:matics

- education are necessarily determined by the philoso-

phy and orientation which underlie the curriculum
itself. New directions in mathematics _education
now emerging call for a few look at roles for the
computer. Increased emphasis on the tie between
mathematics and the real world suggests a significant
role in allowing for investigations of significant real -

world problems. A trend toward taking a constructive
approach to mathematics also opens new iole; for the

computer, both as a problem:solving too] and°a
problé,m}suggé'sﬁqgi tool: Use of the computer in data
analysis and simulations and games also takes om new

importance for a curriculum which highlights the

relationship of mathematics to the real world. If com-
puter usage is ihtéérateq with a total curriculum, and

bound to a strong teacher education commitment, j;- -

can bécome an active agent of continved curricular
renewal. ' :
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COMPUTERS IN MUSIC EDUCATION by Linda Borry

i

INTRODUCTION

Many people are beglnnlng to acknowledge the value
of the computer in math;, science; and business educa-
tion classes. Some see possibilities for it in social sci-
ences, industrial arts; and home economics. Very few,

_ however; have ever considered its place in the humani-
’ 'tieS‘ indeed to ;'omé the concept of compiltErs in the

remowr'g th,e, human element fromf the humanrtles. ln

* this article I hope to shed some light on what is being
done and what could be done with the computer in

the area of secondary schinol music education.
First, we should review the prevalent secondary
sehool musu: course offerlngs and their apparent goals

performance groups, general music, and music appre-

ciation and theory: The performance groups—band

give the student skill in a performmg medium; to

develop his understandmg of various mus|cal ele-
ments; structures; styles; and periods through per-
formance of works by selected composers; and to give
him the deep appreciation of musical performances
Whl(.h can be galned only by havmg part|c1pated in a
class are similar, but there, is less emphaSIS on sklll in
performance and moré on liStening skllls and studym’g'
do, not place, the emphaS|s on performance skllls but
delve deeply into the elements and structure of music.

USES OF THE COMPUTER IN MUSIC
INSTRUCTIGN

How does; (or can.) the computer fit into the three-
part music curriculum? I see it as having impact in all
five of its iictructionzl reles: drill, tutorial, proolem
solvmg, data analysis, and simulation.

Drrll and Practrce
quires skills that must be learned by dr|ll and pract|ce
All. good musicians remember spending Seeming!v-
endless hours practicing scales and other rudimenits

essential to good performance. Although little has

been done @ utilize the computer to monitor prac-
tice sessrons, it has beer used’ easily and siiccessfully

for dr|llmg ear-training skills:-
How is this done? Let me give an example lfa

teacher is interested in drlllmg students in |nterval

_recognition; hé could prepare a set of cassette tapes

to be used in conjunction with a computer program.*

Each tape might contain ten exercises of five notes

eaclr. In the easiest exercises the notes are separated
by intervals of a major second; slrghtly more difficult
exercises have either major seconds or thirds; and ulti-

mately-the most difficult offer a wide variety of inter-

-orchestra;-choir;-and-small-subsets--of_ these"SeelCtoi—w—vals~After—creatmg_the.tapeS,.the teacher inputs-the .

notesqlnto the computer, along with the name ofeacb
student who is to _use the program

to four notes of the appropnate exerclse are prmted
wn.h the missing notes |nd|cated by blanks After l|s-

notes, gettmg three chances to correctly |dent|fy each

ncte, after which the computer responds ‘with the

correct answer: In addition i presentmg the drill and

giving instant feedback; the computer keeps records

on student progress noting the frequency of errors

for the various intervals: Based on these records, it

can prescribe appropriate supplementary or remedial - -

tapes for individual students.

*1 here descrire a hypothetical and fairly sophisticated .
computer program for drilling stiidents on intérval
recognition. S



COMPUTERS IN MUSIC EDUCATION

This type of program could easrly be modlﬁed

to drill such things as rthythmic or harmonic pattern

recognition:

Some advantages of computer drlll over more

conventional drills are that it provrdes more opportu-

nity for individualized curriculunt to meet students’
needs, allows more class time to be devoted to other
activities; and prov;des accurate and up-to-date rec-
ords of student progress and difficulties which can

" facilitate individualized student-teacher interaction

[

\

and student zrouping.

Tutorist

As in inany other nelds the ce.nputer carni be
used adwnm,\emrsly in mu sic educatlon in a tutoria]
mode--that is: to te'ac" ive v skills or concepts —for

example forni remgnm' i7, elements of mterpretatlon
(phrasr. P Lamicy, o ), and such aspects of theory

as harr-ioniz . calysis
You n.&y Jvond.r how an average music teachcr

with no cor sisiv1 background can compute’)ze ma-

terial to take 1dentage of the capatilities offered:

The answ~r usu.rlly is to use an Tuthor janguage whick

is cvaiable on the system. Author languuses vary
greatly in both flexibility and ease of usage; but fou

the most part they are falrly simnple and stralght -

ward and enable the person with [ittle or no computer.
background to create good tutorial materials.

Prablom Solvmg ,

A third mode of eomputer usage in musrc edu-
cation is problem solvmg using the computer both to
do data ‘manipulations which by hand are cumber-
some and tedious; and to teach problem- solvmg skills
throagh programmmg

Anyone who has studied musrc theory remem-

bers the headaches involved “in working with the

components of 12-tone music; the row, its inverse,
retrograde; inverse of the retrograde and the various
transpositions. Deriving these is a natural task for a

computer. Given as input any tone row; the computer

" can respond with all the related elements in the time

Q

it takes to do the printing.

Teaching problem solvmg skrlls by havmg stu-

dents write computer programs has interesting appli-
cations in music, especially theory. As an example, a
fascinating interdisciplinary study can be m'ade by
exploring the relationship between mod 12 arithme-
tic and both .12-tone music and transposition. To do

ERIC

Aruitoxt provided by Eic:

2;i'sﬁ

Figure 4-12. Mathematical modei of the ] 2 chromatic
pilches. >

this it :s necessary to create.a mathematical inodel of

the 12 chromatic pltches as .in Figure 4-12: The

pitches are arr:nged in order around the face of a

clock; with each pitch corresponding to a number.
This rrodel can be used in transposition, as follows.
Siij:ipose a rﬁEIody is to be tréhstioSEd upa rﬁéjor §ee—
cate ,the orrgmal note on the wheel ,and move two
positions in a clockwise direction: an F becomes a G;

an 312 becomes a C, and so on. With a very rudimen- -
tary ‘knowledge of BASIC or some. other. computer..

language, students can write a simple prograimi to do

the procedure and at the same time leammg concepts

. of mod 12 arithmetic.

10 PRINT "NUMBER OF HALF STEPS lIP"

20 INPUT_B

30 PREADA - .

40 1F_A=D THEN 110

50 A=A+B

60 IF A <= 12 THEN 80

70 -A=A-12

80 © PRINT A;

90 GOTO30. - - - . . .. . _ .
100 DATA 1,1,8,8,10,10,7,6.6.5,5,3,3,1,0
110 END

Figure 4-13. Listing of a sample transposition pro-
gram.

16
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Flguref} J 3}')9,‘?’53 transposxtnon program list-
ing where the numbers in the DATA statement cor-
respond to the notes of “Twinkle; Twmkle Little

Star™:

el 4
READINGS IN COMPUTER IN THE CURRICULUM

Figure 4-14: Musical Notation of DATA Statements in Figure 4-13.

{
After asking the user where to transpose the piece
.'md recexvmg a response, the computer takes the
notes - from the DATA stitement and one by
__one adds the _appropriate mterval to each, checks to
see il the new note is greater than 12 and if so cor- ‘
rects it; and finally prints 1t the transposed note. In
the semple runs (Figure - . -); all typing done by the
user is underlined. ;

/ fiﬂ& _
[ | NUMBER OF HALF STEPS UP?22 — Kq, of D : o
i 3 3 10 1o 12 12 10 8 8 7 7 g
\ .5 3
DONE :
RN v
NUMBER OF HALF STEPS UP? 10’ —KeqofB‘ , , - ) ]
it il 3 A 8 8 ' 4 P 3 a 1
11
DONE e ) .

First v ckavgal*"’ ® netes

Figure 4-15. Sample run of program listed in Figure 4-13 and the ra1usical notation of the first run.

Another mterestmg apphcat:on of thls model is

verse 1s normally formed by mvertmg all mtervals in
the row: where the row goes up a 4th, the mverse’
goes down a 4th and so on. When invérting a row by
means of a tone wheel; one simply courits the number
of positions the row moves in a clockwise direction

and_ then finds the next note of the inverse by moving

that many positions counter-clockwise: It is : relative-

ly simple programming problem; and by writing the

program, the student not only learns about the in-

—~
»

g

| SR

O
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verse of a tone row. hut also begiii to unravel some
of the mysterious intertwining of math and music.

Data Analvsw -

- A foiirth node of comniter usage is data analy-
sis, and here too applications may be found in music.
lt is possxble to put an entire musical score inta nota-
tion that can be handled by @ computer and analyze
it for any number of thmgs melodic, rhythmic, and -
harmonic patterns; phrase length and constructxon
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. D pr~ E _ F_Fr G _ G
D. 0.0 0.0 0.0 ag.0 0.0 0.
o} J 0.0 0.0 0.0 0.0 0.0 0.0 0
E 00 0.0 50.0 0.0 6.0 0.9 O
F 0.0 0.0 0.0 0.0 0.0 0.0 0
F# 0.0 0.0 50.0 0.0 50.0 0.0 O.
G_ 0.0 - 0.0 0.0 0.0 50.0 50.0 O:
G# 0.0 0.0 0.0 0.0 0.0 0.0 0.
A 0.0 0.0 0.0 0.0 0.0 33.3 0
A# 0.0 0.0 0.0 0.0 0.0 0.0 oO.
B 0.0 0.0 0.0 0.0 0.0 0.0 O:
[+ 0.0 0.0 0.0 0:0 0.0 0.0 0.
ce# 0.0 0.0 0.0 0.0 G.0 0.0 0.

=

use of dynamics; and others. What is more, if numer-

‘ous compositions dre stored in computer notation,

astcunding comparisons can be made. The technique
»* valuable for trying to ascertdin authorship of a
coriposition. the computer compares datd on 4 glies-
noned cormpésition to ddta on pieces kiiown to have
been written by a certain composer.

An example of using the computer for musn.al
.mal,sns could be a problem in which you are trying
to determine melodic charactenstlcs ofa certain com-
poser’s music. One method mnght be to set up a

—-—melodic- probablllty chart indicating the frequency

Q
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with whnch any note is followed by another note: The
computer can take as mput the melodlc line of several

compositions written by a composer, analyze them,

and produce as output a chart like the one in Figure

4-16. Generating charts on a number of composers

and comparing them by computer can produce |nter-
esting results.

Sumulatlon
of compute § in music, is s|mulat|on, in whxch the
computer is used to wrlte mus1c An mterestmg pruj-

part composmons .hich, although not partlcularly
interesting, are fmrly pleasmg to the ear. How might a
student go about doing this?

First he would learn about the random number

00000 C00 000D

56.

3.
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7% of all D's were followed by D's
3% of the D's were followed by A's

R} - Al B c_-cb
33.3 0.0 0.0 0.0 0.00 3
'ﬁ:o 0.0 0.0 0.0 0.0 g
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 O
0.0 0.0 0.0 0.0 0.0 2|ndicate.
0:0 0.0 0:0 0:0 0:0 2\the number
0.0 0.0 0.0 0.0 0.0 ofoftimes
33.3 0.0 33.3 0.0- 0.0 3feach note
0.0 0.0 0.0 0.0 0.0 0joccurred.
50.0 0.0-50.0 0.0 0.0 2
0:0 0:0 0.0 0:0 0.0 O
0.0 0.0 0.0 0.0 0.0 0

muslcal model, pe[haps by ass1gmng the numbers
1"'25 tb thé hdtes frdiﬁ g td g2 ahd:generatilig i'aiii

menung w1th several, students may dec!gle to place
controls on the note selection process. One control
could state that.only notes in the G miajor scale are
abcéptable' a ﬁii’lher step'might ithlVé liﬁ‘litihg the
and 50 on Some students mxght €ven come up w1th
the idea of using melod|c probabmty charts like those
described earlier: Some students may stop after pro-
ducmg a few acceptable melodles but others will ex-
petiment with adding rhythm anc harmony, all the

time learning morc about music and composition: in

the entire process, the computer plays the role of a

stup|d but obedient servant who has no personal taste
in music.

The sample in Figure 4-17 was written by the
computer after much learning had occurred..

A student who Works on a prOject of t}iis natu're '
an apprec|at|on ,for the human mmd and-its clje.atwe
talents and for the works of good composers, who are
able to break many of the “rules” and yet produce
inspiring music.

rolling a die or splnning a spinner:
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4
Figure 4-17: Notation of a composition writteén using a computer simulation program.
SUMMARY AND CONCLUSIONS literacy among students increases. The possibilities
R : o ] are exciting! .

rhe computer; with. its capabilities in drill, tutorial,

problem solving; data analysis; and simulation can be S

an asset to music education of all types; but is of par- . REFERENCES

ticular value in music theory. Although few inusic -

teachers have investigated its potential, those who For further reading: ,

have generally express positive attitudes. J ioresee the  Ppeoples’ Computer Company; P.O. Box 310, Menlo

bulk.of computer usage in music education lying in - . Park, CA 94025, (197277 issties) 3

the areas of drill and tutorial; some; however; will Lomax, J: D., Computers in the Creative Arts: Na-
" avail themselves of the opportunity to use the com- tional Computing Centre Ltd., Quay House,. -
~ puter in the other capacities, especially as computer Quay Street, Manchester M33HV, England.




COMPUTERS IN PHYSICAL EDUCATION by Jim

' Sydow

INTRODUCTION

The coimputer is described as a machine which assists
us i the menial menial tasks, thus expanding our

- abilities and capabilities. The computer is fast, accur-

O

ate, an:i stupid while man_is slow, inafcurate, and-

brilliant. Although its applicatiori to the world of
physical activity is not readily apparent; ie computer
can serve as a viable mstructroua! tool in the process
of physrcal education. -The” purpose of this article is
to -explore various Bomputer applications which either

could be orfzrre bemg accomplished in the phySrcal
education curriculum:

7 Ty]:ircally. ediJcatronrrrr a phrysrcal actrvrty in-
corporates not only the actual play; but instruction

on rules optlmal strategres general feel of play; physr-

While strategy executron and skrll development are

best left to drrect experrence in the d(.thlty, the area

and benths Of these activities can make srgmt"cant
use of computer-based instructional applications
similar to those used in other areas.

USES OF THE COMPUTER IN
PHYSICAL EDUCATION

Drrll and Tutorral

cable in the physrcal educatron cumculum Drrll
“and tatorial uses appear to offer fEW benef‘ts Rules

for an actrvrty may be lrearned by computer drill, but

the amount of time requrred to accomplrsh thrs for a

class is probably too great to make it a viable use:

Individualized cdrripirter drill on exercises and
their physiological benefits can be useful for learning
activities which strengthen all areas of the body for
maintaining life-long physical fitness. For this instruc-
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tion to be effective, however; an additional St?P,ES
required—a transition must be made from the mental
knowledge to the physical performance of the

activity.

Préblém’Sdiiirié

srtuatrpn is ,conﬁ'orrted. Frgure 4-18 shows a sample
run of a program which generates round-robin sched-
ules for an entered number of teams.

GET-$SCHDLI
RUN__ P—
SCHDLI R
POUND .KOBIN -SCHEDULE PERIOD 1
INPUT # TEAMS?6. . GAME HOME AWAY
[ 1 2 3 4 s 1 1 2
. 2 5 3
1 0 3 i 5 2 3 6 4
2 3 0 s 1 4 PERIOD 2 o
) . . . . GAME TIOME AWAY
3 4 s 0 2 1 4 ] 1
- _ 5 [ 2
4 s 1 2 0 3 [ 4 5
5 2 4 1 3 [} PERIOD 3 o
GAME HOME AWAY
7 1 4
8 2 3
9 5 6
PERIOD 4 L
GAME HOME AWAY
10 5 1
1 4 2
12 . 3 [
PERIOD 5 =
GAME HOME AWAY
13 1 [
14 2 5
15 - 3 4
DONE

Figure 4-18. Sample run of problem-solving program
used in physical education.
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Other types of management assistance can be

6fféféd the physical education téééﬁéi—fbi éiérﬁblé,'

the te acher )

The second way compuiters can be used in prob-
|em solving iS to involve the student in writing
problem-solving programs for sports and other recrea-
tiu"n'al éctivities Many b'eneﬁts are derived Wheh the

pu;er exac;lyr what to do.r’l'hre program hst;ng and run
beginning below is a student-written bowling scoring
program.:

Data Analysis

A key interest factor in many competitive game-

type activities is the myraid of statistics maintained:

The process of storing; accumulatmg, and calc;ulatmg -

data and printing formatted reports is much more

~ comfortably handied by the computer than by the

busy teacher: The information received from the data
may be used not only for dissemir ‘tion but for analy-
sis of a student’s performance in  particular activity.
The program on individual basketball statistics is part

10 DIM A [25]

20 FOH X»1_10.23 STEP. 2.

30 LET A[X) =INT S'RND(O)) : :

40 IF A[X]<d o X}> 10 THEN 30 -

S0 IF A[X]=10_THEN 110

60 LET-A[X+1]=INT{I5*RND(0})

70 1F A[X+1]>9 THEN 60

80 IF A(x] + A[Xe1]> 10 THEN 60

90. NEXT X

100 GO¥0 130~ -

410 LET A[,Xoil-il)

12¢ GO TO 90

130 PRINT "FRAME" “iST BALL'","5CORE"

140 LET $=0

150 LET Xefa]

160 PRINT F,

170 LF.A[X)=i6 THEN 270

180 PRINT A[X}],

190 IF-A[X}+A[X+1])=10 THEN 330

200 PRINT Alxel); .

210 LET SeSeA[X])eA[Xe1]

220 PRINT S . __

230 IF Fx10 THEN 360

240 LET X=Xe2

250 LT FeFel

260 GOT0.160.

270 PRINT "STRIK =

280 IF.A[X+2]=10 THEN- 310,

290 LET S=S+A[X]+A[Xe2]+A[X=3]}

300 GOTO-220

310 LET. s-SoA[x].A[xoz]oA{on]
220-

330 PRINT_"SPARE":
340 LET s-rsm[xlouxu]ouxozj

Figure 4-19. Listing and run of student-written bowl-

ing scoring program.

350 GOTU-220 -
360 IF A(lvl-lo THEM 390
370 1F-A[19}+A[20]=10 THEN 460
380 540
390 IF A{21]=10 THEN 430
400 IF A{21)+[22])=10 THEN §
410 PRINT.“EXTRA BALLS:" A[:I] Al22]
420 GOTO-S40 - -
430 IF A[23]=10 THEN 530 ____ _ .
440 PRINT-"EXTRA BALLS: STRIKE:,A[23]
450 GOTO 540
460 AF-Af21}=10 -THEN 490- -
470 PR[NT "EXTlA BALL:""A{21] *
480 GOTO-S.
490 PRINT. "ExTnA BALL: STRIKE"
500 GOTG-540-...-
s10 kanr "ExTnA BALLS: "A[Zl] "SPARE"
§20 (0TO:S
530 PRINT "ExTnA BALLS: - STRIKE  STRIKE"
540 PRINT
550 PRINT “END OF GAME"
560 END
RUN
FRAME 1ST BALL 28D BALL - SCORE
1 STRIKE see 24
2 STRIKE oo : 43
3 4 5 52
4 8 SPARE ne
s 9 0 _. 80
6 8 ~—————"BPARE "~ 98
7 8 SPARE 116,
8 8 0 124
9 5 0 129
io- 8 i 138
END OF GAME
|-ooNE

H \
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Figure 4-19: Continued:

of a package of athletic stmstxcs programs for a vari-
ety of activities. (See figure 4-20.)
The 16 data items for the respective players are

entered in the following order:

3 Defensive categories
-3 Néutrél Cétégbtiés

(Assists, F"GM FGA, FTM, FTA) \
2 Time categories
(Quarters, Games) _ |

. The three. specific items to be measured in thé\
first three general ‘categories are left to thé dis-
cretion of the user.

Calculated Statistics are derived in the following
manner:

D =Total Defense = D1 + D2 + D3

N  =Total Neutral = N1 + N2 + N3

5 M =Total Minus =M1 + M2 + M3 .

O  =Total Offense = Assists (A) + Points (P)
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FG% = FGM/FGA * 100 —~—
FT% = FTM/FTA * 100 ' WOENTORY ,«
P = =9 L ..
P Pomts 2 FGM FTM FILE; INVENT-INFORMATION RETRIEVAL
P/G = PQ{’!‘}P‘?’ game . o 20 Characier_Mime Maximum
D/Q = Defense per quarter ApmasEREE™
N/Q = Neutral per quarter
O/Q = Offense '36‘ quér'iér ) % tmoomr trszfm: LOCATION QUANTITY YEAU CONDITION
10 = Baskatbsllsa WP R s 2 4 8 2] 3
+/Q = Plus peﬁrgugrgg;: (,D,j' N + O)/Q B;:k;sh:ll: WP L 5 H 1 2 72 4
= - Basketballs MP R 5 1 3 10 k{ 2
-/Q = Minus per quarter = M/Q - Dusketballe mp 0 S TR 10 B
. Baskotbslls MA L2 5 4 5 3 7 4
T/Q = Total per quarter =(D =N + O - M)/ o | paakethalls MA L H ! s 2 no
. : Pucks ] 4 2 36 7 a
Soccer Balls REC 10 7 1 ] 66 2
Team rotals for each itern are Lalculated by tak- Sacesr- Balla MA 10 4 2 15 20 2
- - Bagkotbslla REC B 5 7 i 1 6 0
ing the sum of all the players: . Tennis Balls P 3 1 1 10 88 1
L Tennis_Ballg A 3 8 H 25 n H
Golf Balls REC 4 7 1 K K] o
Golf Balla A 4 _ 8 [ 48 73 4
o - . . Softballs PR - 2 © 3 1 18 83 2
GET - TIX - ’ Footballs MP R ® 1 1 iz 66 2
A . Basaballs M., L1 1 4 2 30 n 2
Footballs MA R ) N 2 io F 3
Buaeball: MA 52 i 4 5 24 73 4
Footballs MA L » 4 5 [ 7 4
Volleybella REC-R 8 7 ) 2 L] 2
Handballs REC R 7 1 ) [] 60 3
Volleyballs WA L .8 s 4 12 n 3

NAME m.f;" NONE . T - B e
1 'M._,_,z_.:ﬁxm&m e L.
2 '57. lTﬂ.‘(Y.l.Tl 2323y 2.23.1:,[5.“.2
~)I'TION" . .
NAME I'ILE" NONE
) BASKETBALL STATISTICS . - ) - ) o
A : ; N ) — . e .
’ D D2 DI D N N2 NI N M
t 1 2 1 H 1 B 2 10 4 GET-$INFRET
.2 $ P 4 1 1 0 1 2 7 RUN
TEAM # 4 7 19 4 s 3 12 n INFRET
R 4 roM raa ey TN FTA i WHAT IS THE NAME OF :YOUR INFORM. TION FILE? INVENT
2 1 12 23 52.2 13 15 sl
TEAM 4 16 as 45.7 1 15 49 OPTION? SORT
: BAME o G Db/ NO ofa /e e e Son'r ON WHICH DATA NUMBER?5
3 1 2.67 1.3 1.67 9.67 . 8.
" 8 2 1,37 025 4.75 6.37  0.48 5,50 67 GOLF BALLS REC
TLAM 8 2 2.a7 1.50 6.12 10.00  1.37 8.62 - Q - HANDBAIth RE(; R B
OPTION? m X 63 BASKETBALLS REC R
. 65 ’ VOLLEYBALLS REC R
Lpoxe - 66 * SOCCER BALLS REC
- 66 FOOTBALLS MPE R
Ciiieni A o~ O s 67 SOFTBALLS PE R
Figure 4-20. Sample run of statistics program. 68 TENNIS BALLS PE
69 F( MA R
69 BASKETBALLS WPE R
70 BASKETBALLS_MPE R :
® . 70 . SOCCER_BALLS MA_
70 - BASKETBALLS A L1
71 - TENNIS BALLS A .
S _ - = 7n PUCKS
INVENTORY CODING 71 BASEBALLS MA Ll
FTLE. PENT o P E AT N HET U 71 VOLLEYBALLS W
FILE: INVENT INFORMATION RETRIEVAL 72 BASKETBALLS WPE L
i o ~ o o 72 BASKETBALLS WA L
NAME CATEGORY USAGI . LOCATION  QTY. YEAH CONDITION 73 BASEBALLS MA L2
Krireie § i Bassbail i MP @ PE Sioreroom 0.0 0.6 73 GOLF BALLS A _
Article M P (10) 1 Basebeil 1 MR 1 PE-Storeroom 0-98 0-88 -
¢ 2 Softbsll 2 WP 2 A Storercom ° 73 . FOOTBALLS MA L
3 Tennis 3 MWP 1 M Locker R BASKETBALLS MA 12
4 Golf 4 MA 4 W locker )
- 5 Basketball 5 WA . 5 Cosches Office _
6 Volleyball & MWP N
7 Handhall 7 REC OPTION?STOP
8 Hncksy . —— ’
R th: o ONE .
12 ;‘oo:":ll o —— _ (contlnuedy D! - —

Figure 4-21: Sample information retrieval program Figure 4-21. Continued.
used in physical education.
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track of. The sample inventory data fle shown be-
low illustrates how accuraie records of supplies may
be maintained. This kind of information retrieval may
be done on an interactive basis using the same pro-
grams_designed for storing and analyzing survey re-
sults in a social science class. The key to this use is
coding the data so that they may be extracted in a
meaningful manner -

Simulations and Games

Athletic simulations are \}ery popular wrth sec-

challenge the users. . Ye best activities for simulation
are stop-action in nature—those with a natural pause
in the pattern of play (such as golf; softball, or.volley-
ball); at which time a decision may be entered. Vari-
6iIs §trategie§ of play may be teSted With a §imljlatibn

. 4-22 rs a sample of an 18- hole golf game, of which
only the first hole of play is shown.

Computer-Ma naged lnstructlon )
Many supportive cur. ‘ulum computer appl
tions classified in the genc il area of instructional

management can play a srgmﬁcant role rn the physrcal .

ume-share computer program was wr,lftten thcn
stores the test results, assigng percentile ranks to
them, croipates 4 ranking mean af an index of overall
fitness, and prints both a Natlonal Youth Fitness
Report Card for each student and a teacher summary
report for each class: Figure 4-23 shows a sample
report printed by the computer.

Fliysical education teachers have been leaders

m the individualized approach o developmg reqursrte

skills for effectrve participation in an activity: The

|
~J
Qi
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GET~*GOLF
RUN--
GOLF

WELCOME TO THE TlES TlMESHARlNG 18 HOLE CHAMPIONS!HP COURSE

TQ GET A DQCRlP‘[lON OF CLUBS, ETC TYPE 0 FOR A CLUB N’K
WHEN REQUESTED

WHAT-18 YOUR HANDICAP?8

OH-OH: A HOT SHOT! |

DIFFICULTIES AT GOLF INCLUDE:- - - - -
0=HOOK, 1=SLICE: 2=POOR DISTANCE, 4-TRAP SHOTb. s-PU'r'nNG

wmcu 1S YOUR WORST ?4

READY TO_GO ?YES o B .
YOU ARE AT TEE OFF nou: 1, DISTANCE 361 YARDS PAR 4

ON YOUR RIGHT 1S ADJACENT FAIRWAY .

ON YOUR LEFT I8 ADJACENT FAIRWAY. .

WHAT CLUB DO YOU WANT 20
HERE'S YOUR BAG OF CLUBS

WOODS (FULL- S8WING ONLY}

1 DRIVER
2 BRASSIE
3 SPOON

lRONS (FULL SWING ONLY)
12 TWO 1RON

.
19 NINE 1RON

{HONS (LESS THEN FULL.SWING) . _
22 TWO IRON - PARTIAL SWING

.

29 . NINE IRON = DPARTIAL SWING

WHEN YOu REACH THE GREEN IT WILL BE ASSUMED THAT YOU AEE
USING A PUTTER. THE PUTT POTENCY NO. REFERS TO THE STRENGTHQ

WITH WHICH THE BALL iS. PUTTED. USE.NUMBEHS GREATER THAN
 ZERO, INCREASING THE NUMBER FOR GREATER DISTANCE,

YOU WILL BE ASKED FOH PERCEPﬂ' FULL SWING® ON CLUBS 22 29
THIS SHOULD BE A N‘UMBER FROM 1 TO 9.

WHAT CLUB DO YOU Wllﬂ' 71

SHOT. WEPﬂ' 251 YARDS - IS uo YARDS FROM llOLE
BALL IS 1 YARDS OFF LINE IN FAIRWAY.

WHAT CLUB ‘DO YOU WAPﬂ' 19

TOO- MUCH CLUB.--¥OU-ARE PAST HOLE ———— i —— —
ON_GREEN_60 FEET FROM PIN, PUT POTENCY NUMBER ?7
PUTT SHORT. - e —— -
ON_GREEN 28 FEET FROM PlN PUT POTENCY NUMBER 3
PUTT SHORT. - - - - —— -
ON GREEN.15 FEET FROM PIN. PUT POTENCY N’UMBEH 3
PUTT SHORT. -
ON.GREEN 2. _.. FEET FROM PIN, PUT POTENCY N’UMBER 7
YOu H’O’L‘E’D | & S :

YOUR SCORE ON HOLE 1 WAS 6

Figiire 4-22. Sample computer golf game:

problem of grouping students for work on particular
skills is often timie-consuming; however, the com-
puter can offer the beleaguered teacher valuable assis-
tance. Such a program, called ILA (Individualized
Leamlng Actertles) does exist. Objectives or skills.
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STUDENT NAME DOE JOKr  SCHOOL K CLASS 7 - STUDENT No.
§ [ SHUTTLE | 87 UB% [ . =T bio/D 50 SOFTBALL | 600
E |- RUN _ |3 MINUTES LL U JP | YARD DASH | —rHROW —|YARD RUN
M. [SCORE | g | SCORE | % |SCORE [ % % | sc %] SCORE_| % |SCORE | %
189 fso] 70 |95 & 85 95| 7.0 f90 |, 147 (g0 159 |sa0
2 o8 [os| 73 |95 | 6 %5 | 611 |95 6.9 [s0 | 153 85| 1.54 |s0

FIRST SEMESTER MEW
SECOND SEMESTER ME

Figure 4-23. Sample computer-génerated student report.

are identified and status on each for mdmdual stu-

paibufut GET-LA
RUN
1A

dents is monitored and ernterred into the computer.
The teacher may then have the computer locate. stu-

UNIT NAMF 2JOHNS

5@-5251:'270
<ROS

them together

z
.°

JOHNSON JAMES
JONES JONATHAN
MACK BONNIE
MILLER MIKE __
RUTZ ELIZAPETH -
SCHMIDT JENNIFER
SMITH-JOHN -— -
THOMPSON NORMAN

SUMMARY

Current usage of the computer is mininial in physxcai
education when compared to other disciplines; how-
ever, present trends indicate a substantial growth in
computer use in a supportive role to assist the teacher
in managing instructional activities. There is a need
for programs and materials which use the computer
effectively in the physical education curriculum; and
the subsequent sharing of these ideas through arucles
and conference presentatlons

I T RN N

[

>ADD-C,1.0N,14
AUD-C,2,0N,6
>8IZ- —

GROUP SI1ZE

K 7 MILLER MIKE -
RUTZ ELIZABETH 9 SCHMIDT JENNIFER
« 11 THOMPSON NORMAN ____

MACK DONNIE
18 SHiTii JOHN

dmduahzed lea'nmc program. .

NOTE: The prog ams 0sed to jllustrate various modes
of computer usage were_run on one of the Hewlett-
Packard 2000C"/1° Timeshare Systems at the Total In-
formiation for Educational System (,IES). TIES is a

regional Minnesota coopesative network of thirty-

four elemeéntas, secondary and vocational-technical

school districts_providing data processmg services for

admxmstxauvc instructional, and research applications
" utilizing an on-line integiated data base.

RIC



COMPUTERS IN SECONDARY SGIENGE by ;lames Friedland -

.

INTRODUCTION .

Science and its associated,technologies are under fire
for our pollution and energy problems. But recent
suiveys indicate ihat very few people feel we can
solve oiuir problemis by abandoning science. For this
reison, we will continue to require of studerts an
understandmg of science and its methods

~ In junior hlgh school grades 7, 8 and 9, stu-
dents areé offered an mtroductory program most
often called genera] science. They study a wide variety

of scientific fields and usually carrr, out simple

laboratory exercises designed to introduce scientific

procedures and tools: In addition, most secondary

school students take scienice courses durmg their

senior high school years; grades 10; 11, and 12: The

most common courses offered are blology, chemistry,

and physu:s These programs examine a single field of

science with its individual scientific approaches High

school science programs are almost always given with ~

associated laboratories in which students carry out
activities similar to those used by scientists in the
Feld N
‘Scienice programs have recently passed through
an era of revision. Traditional programs have been re-
pluced by national “alphabet” curricula. The BSCS
programs for ‘biology, CHEM Study and CBA for
chemistry, and PSSC for physics are but a few of the
new programs gmdmg our instruction:
_In this time of transition, two major trends can
be d|scemed that have yet to be fully 1mplemented in
our schools. There has been a distinct change in the

1aboratory portlons of science cpurses. Labs in the

traditional programs were pnmanly observatlonai

activities. Students usually had enough information

to predict their findings; and instructions told the stu-

dent what he should be observing. Critics have char-

acterized these as “‘cnokbook labs.” -
Lab manuals for new revised curricula reveal a

.

’

environment.

shift toward inquiring investigations. The labs are less
directed and never tell the student what he should ex-
pect to see. Inquiry labs also involve measurement
and data collectlon much more often than the tradi-
tional observational exercise:

The new curricula have been accompan.‘d by a

trend toward individualized instruction: Teachers are

nrged to tailor their instruction to each individual

student rather than to the class as a whole: Science

teachers usually find individualization difficult; since
appropriate laboratory activities must be “integrated
with the normal classroom instruction. )
Inquiry laboratories and individualized instruc-
tion; while easy to design on paper, are often ex-
tremely difficult to arrange in a secondary school
If the trends are to be fully impls-
merted, our teachers must be allowed to make use of
all the édﬁéétidhﬂ fébhhdldg? availab’le Sii.,h dels éé

ﬁlmstrlp magnetlc tape selﬂeammg modules wﬂl be-

come increasingly important.
The computer can bo regarded as an educatlonaJ ’

Its tremendous ﬂe\tbrllty, already demonstrated in

" business and research, offers many new educatlonal

strategies. We will look ‘at several OOsSibTe apphca-
tions in this article, but by no means can we hope to
outline all the possible uses:

¢

USES OF THE COMPUTER IN
SCIENCE INSTRUCTION

Drill and Practlce
It is often true'that a student in an mtroductory

scienice program is expected to learn more new terms’

‘than in a foreign language coutse. Consider the drill:

and-practice exercise about cell organelles in Figure

<

Q
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WHAT K YOUK FIRST NAME ", JOHN

N -YOUR ASSIGNMENT JOlN lF YOL ACCLPT LS rO (.ORKECT
ek l(lAl\ F/\l L7S IN OUR MOST FAMOUS SCIENTESTS CELLS

LOCTORS HAVE. N(lrll ED.A-FAILUREIN HIS ENERGY PRODU CTlO:\'
SYSTEM. 19 WHICH CELL ORGANELL E WILL YOU DIRECT N
YOUK MINI-SU'BMARINE:

I HIROUSOME "
3 MEFOCHONRIUON.

3 GOLGE BoDY .
i CENTRIOLE 4
i .

FE e
TY I'E THE NUMBER OF YOUR CHOICE? 1 s

GUH.PROBLEM. SNCE nmesom 1S THE SITE OF PROTEIN -
. SYN FHESIS. PLEASE CHOOSE AGAIN,
TYRF THE NUMRER OF YOUR (uoi( Er oz
VERY GOOD! BUT wr‘ HAVE A PHOBLEM GETTING TO'mE MITOC HONDRION.
WHICH OF THE FOLLOWING'CELL ORGANELLES quot'Lo nnov‘mr»:
THE BEST BATHWAY TO REACH-OUR GOAL? - — - -

hgure 4-25. Sample run of science drﬂl-and-practrce
program - L,

e

f

.can re=pond posrtlvely to student errofrs, no matter
how often a particular student is incorrect. One to-
ofie student—computer dralogue also makes it impos-
sible for a st[ident to hrde behmd the Tesporises &
77777 the
cémputer .ather than the teacher—computer d lll and
practice can also eliminate much of the anxiefy asso-
ciated with making mrstakes, anxiety which can only
hxnderlearmng .
When a teacher : assigns "the class problem set;

every st?d~ 'l receives exactly the same prohlems
making !he likelihood oﬁ,rnterstudent cooperatlon

very lugh and since the answers are covered in class

work is not Hnmedmle A properly programmed com-
puter can c‘rect both these faults. Each student can
be given a unique sct of problems to solve.. If the
problems are gene,cated by tl)e computer, rather than
read off a_ llst there is onl)l a small chance of two stu-
dents getting the $ame problems. Such a program can
also TeSpond rmmedrately to a student’s answer and
offer another problem of the Same type rfthe student
-should fail: -

Evaluation of computer drill and pract:ce with

- elementary school children shows that on the average,

. students can be expected ‘to learn more but not as

ERIC
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er. In secondary-school«!cxence the teacher usnally
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Unfortunately, drrll and practice "requires a
large amount of student-computer terminal time. In a
classroom Wwith a single terminal, drill and practice

will be nearly impossible to schedule. But for a sta-

dent having particular _trouble with a subject; use of
the computer in this fashion may be both effective
and desirable. ‘

Tutonal
Computer tutorlal programs also requrre large

in several umversrtres put the cost at more than three
times that of teacher-classroom rnstructxon Much

Work s gorng on in t.he hope of lowenng this cost

as part of a remedial program Science teachers wrll‘

find tutorial programs useful for students who have

missed work and for students having trouble under--
standing the classroom instruction: _

The areas where tutorial-remedial programs are
needed can dsually be identified by an experienced
science- teacher. Certainly most biology teachers
would cite the Hardv *W.inberg Principie as a particu-
lar problem area. The program: HARDY (Figure 4-26)

" includes instructional material designea to allow the

student to apply the Hardy -Weinberg Law to a variety
of problems --
As more computer tlme and tenmnals are made
avarlable to the science teacher, tutorial programs in
many areas will be an: immense aid in freeing the

teacher to work wrth individual students, making in-

dividualized mstructron a reality.

Problem Solvmg

proach ”The trenid toward inquiry investigations
makes this use attractive, since inquiry investigations
oftén involve mathematical manipulations. .
Sometlmes, understanding the mathematlcal
manipulations is not essential for appreciation of a
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POPULATION GENETICS STUDY - THE HKRDY-WE!NBERG PRINCIPLE

HAVE de TRIED Tiris’ PROGRAM BE g}m (1=’Yi:s iENo')' 78

THE Hmny-wamsnc PRINCIPLE Pxoyrm:sA SIMPLE WAY
T0 CALCULATE THE PROPORTION OF ORCANISMS IN A POPULATION
THAT ARE HOMOZYGOUS DOMINANT, HETEROZYGOUS DOMINANT, OR
HOMOZ YGOUS RECESSIVE WITH REGARD TO A SPECIFIC TRAIT. ALL
WE NEED TO DETERMINE THESE PROPORTIONS ARE THE PROPORTION OF
ALELES IN THE GENE POOL WHICH ARE DOMINANT. FOR THIS TRAIT
4 (P) AND THE PROPORTION WHICH ARE m:csssws Q.
WE WILL GIVE YOU A POPULATION OF RATS TO. WORK WITH. som:
HAVE SHORT HAIR, SOME HAVE LONG HAIR. SHORT HAIR IS
DOMINANT; LONG HAIR RECESSIVE. THERE ARE 18gg SPECIMENS, '
"HOW MANY RATS DO YOU WANT TO SAMPLE 216§

TOTAL NUMBER RECESSIVE = 15

TOTAL NUMBER DOMINANT = 85

WHAT PROPORTION OF THOSE EXAMINED SHOWED THE RECESSIVE TRAIT
THIS 1S Q*Q 715

PLEASE INPUT THE PROPORTION IN THE FORM OF A

DECIMAL NUMBER BETWEEN §.¢d and 1.68

WHAT PROPORTION OF THOSE EXAMINED SHOWED THE RECESSIVE TRAIT
S : THIS IS Q*Q ?.15

< , : .| TO DETERMINE THE VALUE OF P AND Q AND THE GENOTYPIC
. RATIOS; RECALL THAT:

. I. P+Q-=1 SINCE THE PROPORTION OF ALLELES IN THE GENE

© POOL, WHICH ARE DOMINANT FOR A TRAIT PLUSTHE . ______
: 7o PROPORTION WHICHARE RECESSIVE REPRESENT ALL ALLELES
K IN TH™ "ENE POOL, . .
2. P*P K%. .+.SENTS THE PROPORTION OF THE POPULATION THAT ARE
: HOMOZ . 2UUS DOMINANT, e
i 7 N .
“ T | 3. 2+P*Q REPRESENTS THE PROPORTION THAT ARE HETEROZYGOUS
DOMINANT,

4. Q*Q REPRESENTS THE PROPORTION OF THE POPULATION THAT
SHQW THE RECESSIVE TRAIT. 1.E. THAT ARI: HOMOZYGOUS

RECESSIVE, |

5. P*P+ Z'P*Q + Q*Q = I SINCE THE PROPORTION OF THE _ _._
POPULATION TH j'r ARE HOMOZYGOUS DOMINANT, PLUS THE

N THE KBOV‘E EXAMPLE Q d.387298

GENOTYPE. PnopbﬁTioisi " NUMBER
HOMOZYGOUS DOMINANT _ g.38 as :
HE'TEROZYGOUS DOMINANT .47 47 ,
R HOMOZYGOUS RECESSIVE g.15 15 :
DO YOU WISH TO REPEAT THIS PROGRAM (Y = YES, # = NO) 7§
T P 1
" Figure 4-26. Sample science tutotial. /
\\ _
. \ J »
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scientitic principle. This is the case for a BS(S in-
v&;iigm;dn i)i' populallon dynanucs Sludenlb are

on A hyp()lhcllk.ll island given certain condnmm The
following teacher-written program allows the student
to quickly reach the important conclusions without
applying complicated population growth formulas.

HOW MANY HIRDS ON SLAND AT

CHANGE AS8E Q108 1.1 YES, o Noy L
1 HOW MANY OFFSFRING VIOM FACH DAL OF HiDY 4
’

CHANGE . ASSURPTION 2 (1 \l\ -4 \J(ll !
WHAT PERCFNT OF ADL LTS WILL [ IVE I\IU THEIR 3ND SFARON" 15

tu \\ L S]] \ll'lli)\ SHLYES M Ny .
POWHAT PYICENTAGE OF OFFSPHING lm BE FORE \I:\II\( ne
i R
f CHANGE Assl \ll".ln\ 1 u n\ u NChU T
¢ HOW MANY BIRDS ENTER FHF AREA FAC I| \lAIl

P \lﬂ LEE I B IIIAIIUV‘ |U

g s II'I Poobdnbi 0 TAn Y, ri&\l-u. A AMETH !
‘ Gt “-, sre s,
by . .
i i . -
. 2 K &
\ } '
[ I i
, A
) !
| [n i
7 A
L1
oo :
) u
T ]

ANGOTHER nES~ YES 1) Noom s ¢

e -

Figure 4=27. Sample scicnce problem-solving program
!
run, .

(()mputcrs mll -llb() pruve useful in situitions
wh:*re the math ma) bc easy but 'lu mlal solution of".
-an Imcslu.nmn _requires many iepetitions of a simple
oqlldtmn lhe mllmvmv ex: nnplc involves” a chem-
Istry m\csug.mnn ‘that Jl(Cl«lp'b 1o relate p.xrtu.lc size-
to total surface area. After collecting the duta; a
student can’#ind the total surface wrea by appi ying
the xnnhlé formufas

ﬂurmu‘ Arcd 7, 2% {ng. nf pIC‘LCS) x ((il % 1)
# (M X w)uwx )

While this forinuli p"mi"c.i no p’mhlcrii, a full solution
stiadly boings on <tudent revolution, since it must be

“eshluared 101 ap to 20 sets of data. The prm.e» often

I UL TR dxslr.ntmg Hml the reason.for uomg lhc
Vestgalion becdmes Tost. The lnllmwng um ter

“progratm 1‘IL\W> the studdu to coneentraté on the

rd.:tmmhxp ol partle su; to totsl surface area. -,

12\j~mu;7§l

SURFAC 17,5,

HOW MANY PIECES 71 48
LENGTHl OF AVERAGE PIEGE '"a
HEIGIT OF AVERAGF PIECy 72

WIDTH OF AVERAGE PIECE o',’”

TOTAL SURFACE AREA 3/

NEXT -

uow me PIECES 72
LENGTH OF AVERAGE Plicg ”‘;“
HEIGNT OF AVERAGE l’[ECL 72
WIDTH OF AVERAGE PIECE +2

TOTAL SURFACE AREA  4ygf

NEXT . N

1IOW MANYPIECES 24
LENGTII OF AVERAGE Plicg ”1;
HEIGHT OF AVERAGE. mncE 7%
WIDTH OF AVERAGE PIECE ¢2

TOTAL SURFACE AREA - fugh ~_~___— .- |
- Figure 4-28. Run of a scipn®® pfO%y, which per-

forms repetitious calculatiays.

Problem solvmg pmgmrﬂs e d“ubl)’ a“rd(.tlve

since the average amouny (jf e hat any student

speﬂds on tlie computer is usl"’ " q lite smaij_allow-
ing many students 10 use lhe =0 Plitar in 5 single

period. Most juniotr and Senl(’ n? xchools w:ll be -

able to%se ‘he coniputer “"\n‘ roblam $olve
p " problen

ing in the immediate future Jt 4 Tagst "\ \blé COsi.

Data Analysis

Large and complex g 14 hziﬁ S are stif] years
away for classroom ih;li’[lLl|L)ﬂ s Since they re-
- qQuire hugc computers. Bug S,rv” Rc"I -Qata banks are
already in opcralmn In Sc\,wﬂ l("‘al weathe ,nfor-
mation stored on a u‘mpuwr 5 peing used by sec-
ondary school students in g 2ACe ity on Meeorol-
ogy and ecology.

Simple data bunks cap p¢ ‘K\nf’ ‘\lued usmg in-

2 formation from student inyes!"®i0Ns, ppys format

“will be’ particularly ‘usefy] 9 S 5lng Iung term
events, such as biological sucd;ssl n,

Computers. of course; wl bo “\Qd to “mstl'

ca“y anilyze the. redulis of ¢V Oy | ]\’ang.\“oy] In

this role lhcy will be hnu.lmnlﬂg Qs p'(\b]pnl g()lvcfs }

e -
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evaiuating student results with formulae too complex
to be processed by «i'2 student, themselves: Statistical
analysis programs. suitzhle 7>+ high school science,
such as-chi square de: “::nination; are available from
many sonrces; or can ca\ v be progmmmed locally.

Most small daty bank and data analysis applica-
tions can Be ;ucgésgmny used with a ‘minimum of
desirable; is not necessary. The data may be stored
and retrieved or analyzed at the school's computer
center at any convenient time, and be delivered to the
classroom teacher.

Simulation
Simulat.on may be a new word to most sciefice
te.icherx Hut it Certéiriiv fs én iild idéé ln teacbing
ena science teachers h.rve always resorted to replace-
ment activities: chemistry teachers uSe models of
atoms tu explore cheniical bonding, physics_teachers
use coiled springs tv_explore the behavior of electro-
magnetic waves, and biology teachers use coins to
reuvesent alternative alleles for genetics problems. All
these activities 2re siniulatiotfis, since one object is
being used to represent another.
A brief look.at twe computer srmulauons bemg
used in many sewndary schools across the Unlted

Stutes should |llustrate some of the strengths of com-

' puter slmu]atmn in the scrence c]assroom PO[:UT 1s '

hodles ot water; q'mulatron is necessary; since most
schools are not free to dump wastes into local streams
and monitor thz effects over several weeks. See Figure
4-29. oo
Alternate nonconiputer  simulations. would
prove very complex, since a reduction in scale would
alter important parameters such as oxygen injection
rates. An impossible laboratorv becomes possible.
The Millikan oil droolet experiment is an impor-
tant part of every physics course in hish school, but

“the investigaticn .5 not carried out in lab. Teachers

have found that the investigation calls for sophisti-
iated eqiipment and great student manipulative skill.
In this situation. a simulation would provide the stu-

-dent experienice so effective in reinforcing a classroom

concept. CHARGE, shown ‘in Frgure 3-30, is such a
simulation.

Many computer pmjects around the wur]d are

' READINGS IN COMPUTER IN THE CURRICULUM

ii'rbduéin'g simulations to complement secondary

the end of thls art.c]e) Most of these slmu]ahons have
been classroom teited and can be used with htt]e
modrﬁcatron on most school computers

trsts and cmzens hvmg in the scientific world Slmuia-

tion providesa laboratory-type experience in situations

where fio 1ab is possible. The amoui:t of student-corn-
puter terrmnal time varizs with the simulation; but

there has been a trend toward simulations that require

only modest amounts of interaction; so that many stu-

dents can work on a simulation during a single labora-

tory period: This makes many simulations possible for

the teacher with aczess to only one computer termi-al.
SUMMARY AND CONCLUQION@

hbranes of 1nstructronal materials are not v casr]y

avallable But to. ignore the 1nstruct10na] uses of ¢

puters would be a tragic waste of a valuable teachi:g
device: Thrs product of science is sure to be . aajor

“factor in our students” lives, as well as our own. We

~3
_Q;

have only to look at the bills arriving in our daily mail
to be reminded of this fact. There are uses for compu- _
ters in our science classes; at reasonable/"ost "The
zippilcatlons involve either limited numbers of stu-
dents; :as "J :emedial work, or limitcd student-
computer 1nterdctron o -

simulatrons are fiie most promrsrngfuses t'or the school
With lit‘nitéd L'o"'n"'u'ter féci]ities Since they ca'll for
can take udvantage ofa s.ng,lcrtermnnal.r Problem so]v- )
ing programs are usually easy for a student o: reacher -
programmer. Compiiter simiiiiations will be writter by
conmiputer developmert projects of commercial com-
piiter companies in such a way that the teacher will
riot have tgbe concerned with cornputer complexrtres

—~Whiile slow in coming, computers promrse a

fnost intercsting future for science teaching:
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A.

INSTRUCTIONS C(1=YES, CaNO)?3

THI

WATEK POLLUTION STUDY

Y YOU CAN SPECIFY THE FOLLOVING CHARACTFRISTICS:

THE KIND OF BODY OF WATER!:

Ie
2.
k)
-0

LARGE LAKE
SLOW-MOVING RIVER
FAST-MOVING RIVER

THE VATER TEMPERATURE 1N DFGREES FAHRENHEI.:

THE KIND OF WASTE: DIMPED INTO THE WA™RR:

le INDUSTRIAL
2. SEVAGE
D« THE RATE OF DUMPING OF WASTE: 1+ f:WT< PER MILLION (PPM)7DAY.
Ee THE TYPE OF l"\hATHENT I F THE Hr’i;.Ll
0. NOI'E
1+« PRIMARY (SED!"“NTAT!ON OR PASSA( THRO"GH FIVF
SGREINS TO REMOVE GROSS SOLIDS)

2. SECONDARY (SAND FlLTERS QR THE ACTIVATED SLH"!‘E -
METHOD T) P"MOVE DISSOLVED ANC COLLOIDAL
ORGANIC MAITIA:

i

LR LRI 2L R ] | .
-BODY OE HEIER‘!E

HAIEI'LIEHPEBEJ’URE? 35

KIND OF WASTE?2 :

DUMPING RATE? S8 _

TYPE OF TREATMENT?O

DO YOU WANT: A GRAPHCI>» A TABLFE(2), OR BITH(3)71

AFTER DAY 4 THE FISH BEGIN TD DIF, BECAISF i
THE OXYGEN CONTENT OF THE WVATER DROPPED BELOW S PPM.

N ~CAEF..-IO...0XYCFV -SCALLFesel®
UASTF 30¢+SCALE« 40+ WASTF: 50+:SCALF. K0

R it EEIep i DU IR RO~

]
n
v n
v 0
v 0
v 9
— - l'T 3 s o —— e et e —— -
w 2
W .0
W 0.
W 9
v 0
¥ 0
v n
THE WASTE CONTENT AND OXYGEN COVTENT WILL RFMAIN AT
THESF LEVFLS UNTIL ONE OF THE VARIABLFS caavrrs.
ANOTHER HUN (l=YFS, 0=N0)>?0 ’ S

Figure 4-29. Sample science simulation, POLUT:
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_ btigure 4-30. Sample run of science simulation,
S UCHARGE.
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by Herbert D. Peekham

INTRODUCTION

When the secondary curriculs is viewed as a whole:

the natural stiences must surely emerge as the part
which contains the greatcst number »; wbvious applr-
cations for the computer: This does '-nt negate or

detract from equally lmportant appl: «ons in other

areds, but merely recognizes that the stuff of science
instruction rnterfacos natUrally with the computer.
“Jatural scic -e; as treated here; includes the

subjecta commonly found in the secondary currrcula—?
th~ L \mt dttenuon not because rt is_ the most 1mpor-
tant but because f the author’s background and the
fact that more has ko "'?ix"‘ Here than in the other
areas. The intent & (o rmie applications which
use the computer ti+ -wantage. General meth-
oGs or technlquq,as tha: ..t e used across all three

sub]ect areas are developed

problem >0|V1ng, or computatronal mode than in 2y

other; more and more educators, however, are begin-

iling to see the impotiznce of the computer with

respect to gares and simulations and in dmlogues with

studerits. The future will certamly see it employed in

niiny of these new modes in addition to that of
problem solvmg No matter which mode is involved;
each application should be evalnated with respect to

the following questions:

(2) What is the educational strategy involved?

(b)- ' s the objective a pedagogically sound one?

(¢) s the computer the most effective tool to use?

Far too often; a teacher can be dazzled into the use
of the computer where it is completely inappropriate.
The computer is a tool, albeit a very powerful one,

whrch should be used only when it is the best method

to obtain the desired results:

USES OF THr COMPUTER N INSTRUCTION

There are many ways the cumputer_has been used in

rnstructron and many new ways wrll be found in- the

argumentatrve and sub]ect to challenge For example,

even acknowledged leaders ln the ﬁeld of computers

puter assisted mstructron) and CMI (computer man-

aged 1nstructlor1) Therefore; the classifications below

should be taken not ina stnct s.ase but only as a
general mide: Ir many cases; the examples could be

cone<i fered in more than one category. Some applica-

\

tion.s cross all ci.. .. icatiuns.

Drrll and Practrce
student on matenal learned elsewhere. There are cer-
tainly instances_in the sciences.where the computer
can be used in this way. Drill on the abbreviations for
the names of the elements, or classification of plants
and animals, would fall into this category. But’ is the
computer bclng used to 1ts best advantage here"
case) could any other method be used for drill that
would free the computer for more important tasks"

An examiple will illustrate the point. One of tiie

early Huntiigton pr:)ject umts was concerned with

thrn lenses Most physrcs courses go lnto thrs toplc

and focal lengths of a lens: If two lenses are com-
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bined: u standaid sort of problein i$ obt-i .ed. Based

upon glvern mformatlon a relationship can be estab-
lished etween th obje(,l and the image. In this unit
the comput L ave the sludenl a set of data wnh one

ter; which then told the student whether he was ngh'

or wrong.
This is a prime example of how not to lise 4

computer effectively: The valae nf the thin lers piobs-

lem is not questioned: the point is that the computer

is being used for such pedestrian application: Certainly

the computer could generate iarge naoinbers oi solu-
nom to the pmblem bul lhes; SO m s can be pre-

computer. In my )pmmn the compmer as 3 dnll-

master is the weakest mode of usage in the sciences:

it does not take maximum advantage of the powcrful

cipabiitties of a -very valuable educational resource:
Accordingly. most of the attention in this article will
be given to other modes.

Tatorial -

The tutorial mede is at the same time the most
promuisirig, lhe most dangerous, and the most difficult.
With imaginativn. it is possible to generate extremely
effective tatorigi units that beir little resemblance to
the usual progmmm»d lext Rather lhan identifying
such units as tutorials; it is felt betier to call them

dmlogs ln th- heql of all possrble Jml(ms n is as if &

using compute: termmdls

The fundamental dlftuulty in dmlog gene’r;ni'on
mvolves the amoum of nme requnred to prepare and

rcfmu 4 uml

piiyslcs mlghl I()QR like. consider the followmg hypo-

thetical conversation:

Q

C‘ompmer' The task l v'v'o'ul'd ;iké 'yo”u m’ p{'r:?irhd i'§ iti

fall from lhe top of 4 bunldmg to the ground
What would you like to know?

Student: The answer.

Computer: Come on now, this should be a serious dis-
cussion. | am trying to get you to decide upon
lhc mf()rm‘mon you n:cd. What is this infor-

ERIC
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Stiideiit: Whit is the mass of the object? ,

Computer: You really don't need this; but it is 1
kilogram.

S!uden! OK, 1 think that it will.tzke 5 seconds to fall:

Computer: There seems to be a problem here: You
have provided an answer without enough infor-
mition to compute it. What additional :nforma-
tion is needed?

S!udem How high is the buxldmg"

Computer: The building is 20 meters high. Anything
else needed?
(und so on.)

drawmg respofises from the studenl wnhout prowdmg _

a great deal of mformatxon Used like this, it is diffi-
cult to Correctly analyze the student responses and

respond reasonably to them The computer must
keep track of what information the student has re:
quested so as to Judge when 1 vahd comiputaticn can
be made. Each student who uses the dialog wiil pro

duce an individualized set o: " responses based upon his

input.
Very lmagmanve dxaiogs in plhysics, which in-

clude yraphic displays of informztion; have been pro-

duced at the Physics Computer Devélopment Project,

University of California,at irvine. Most important to
potential authors of d.alogs in the secondary cur-
ricula is that effective techniques have been worked
out to assist the é!i‘hdi in preparing units. Dr. Ahied
Bork oi" the Ph;.its Computer

has written & paras ‘The Compuler in Learning--
Adwce To Dlalog Wrn°rs that is an i» alaable aid
to anyone serii*us about computer dialegs or t':torials.”
There are no Iirge collections of -titorials or dialogs in
the sciences at this time, but there is no question that
properly desngned comptter tutorials can be of im-
mense value in any curricula. The producncn of
effective tutorials in science is an expensive. time:
consuming; iong term enterprise that must be care-

fully planned if success is to be achieved.

Probiem Solving
Most ¢ contcmpomry actlvny mvolvmg the cofn-

puter in science instruction is in problen: solving: zmd

understandably so. There is a fundamental reason
vliy the computer is so powerful to the secondary
science-curricula. Most natural processes or laws in-
voive rates in one way or another; however, dealing
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wnfh rates dnleIlLJ“y reqiiires (.'ll(.ulus This means
that many valuable ideas must be put aside because of
the niathematical dlfﬁcultxes mvolved The computer

pcrnms the innovative teacher to R around these

As an example of this; Newton’s Second Law
states that # = ma In this form; the student sees
nothmg but a slmple lgebraic equallty in three un-
knowns: Given two of these: the third can always be
compated: Viewed this way; the student misses com-
~letely the rich content of the law. which describes
rates of change of velocity and position. If the law is
written i+ a different form; the result is:

Ax _Av _F
ce— = poand — = —
ar _r m

N

In these equations the symbol A is read as “the

‘change in,” for cxample, *‘the charg 1 x divided by

the change in time equals thevelociiy.” A little alge-
bra is all that is needed io put the equatiors into the
final form below: '

Xnow = Nold ¥ Void Af

Crew = Vo ¥ A1
m

oblent involving 4

as beeri converted

Now wh.xt is usualb
second-ider “liffer
to a simple algebr. on ihat is easily moti-
vitea and can ! ¢ use . .ents who have had only
thie rawest elentents of ai;cora. At a very fundamental
level: the goal of mechanics is to predict the motion
of an object gl\}en its position; velocity ; mass, and the
torc.es dmt act upon tln, oh;t,cr But t‘ns 1s prec.nely
of equations is leld in situations where calculus based
nuthods tdll

spnng wn,th spnng L()[]SV[J!]IVI\ glvmgg f(ﬂ'\y of -kx. VlI
k=m = 1. then the following sct of ¢ ations is ob-
tained:
lnr the fxrqt velouly calcalaton a hatf step in
time is uscd to compute tm velocity midway in
a time interval.

Yaew = Yold ~ Xopg At/2 .

READINGS IN COMPUTER IN THE CURRICULUM

Thereafter the equations ate:
Xnew = Xold * Vold A1
Viiew = Vold ~ *oMd
The strategy of one velocity comiputation with half a
time step is called the “half step method” and pro-
duces a dramalic increase in accuracy. If a time step
of 0.5 is used, and if whent=0,v=0 andx =1, any
pocket calculator wan be used to obtain the results
bélow very rapidly.

A R X
0.0 0.000 1.000
05 -0.250 0.875
10 -0.687 © 0:531
1.5 -0.952 0:055
2.0 -0.979 -0:434
25 -0.762 -0:815
3.0 -0.354 -06.992
3.5 0:142 -0.92}
4.0 0:602 - -0.620
4:5 0.912 -0.164
50 0.994 0.333
5.5 0.827 0.746
6.0 0454 0.973
6.5

-0.032 0.957

If x is olotted agamst tlme a very nice cosine func-
tion is obtaineu which is, of course, the result ob-
tained using calculus. The point here is that a compo-

ter method converts differential equations into alge-

braic equations which may or may not require the

computer! As 1llustrated above, a pogxgg calcu--

lator can produce drmatic resalts. The most im-
portant 1dea might be summed up in the pnncnple

* that *‘the more you use a computer; the less you need

to use the computer:’ Gnce students become familiar
with computur methods: an idea can be 2xplored sim-

ply by dxschssmg how the solution would be obtained.

Maﬁnﬁywtlmes this provides the desired msnght into the.
problent:
The data above illustrate a fundamental prob-

lem wnth computers m the problem so]vmg mode.

sible; the results should be output to a graphlc 7d,|spla)
device of some kind—an XY plotter or a graphic ter-
minal. Crudé: graphics can be accomplished with the
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S good bbb otats done in the curri-

oot

cdieady e nsoned. One ol the
TR Copioaius HTDPTR) provides o
TR TR capab ity e e letvpewriter.
Thes ot e powever! only Wher fles fuac on s

mies i solutian of Grie ol the rate
assed whove does not e i closed torni

ihier lcchmquu niust be used. Severil

defins ¥ W
probiems (-
solutior .
new hard-: npv werminals on the m.zrl\u based on the
Disblo mntmg mechanism can pmduge excellent
araphic ourput anndlcnl to an XY plntler If 1o
graphic display devices are available; students can be
taught to quickly scan a u)lumn ()t numhcrs (()r sudx
characteristics as ‘maxima; minima;
Crude graphs can be sketched quickly with this infor-
mation: As the price of graphic display devices drops;
careful considetation should be given to the peda-
pogical vilite of graphic output.”

A good deal of excellent curriculum material in
thie pmhlcm -solving mode is curiently available to the
science teacher. Some of the Huntitgton Project pro-
gianis in this irea are lsted below.

EVOLU A nattiral Selection experiment,

V/YM[ l’h)y'iillilit reaction rates,

Pl l()SY\J Photosyntlicsis rire C\pcmmnl

REFLCT Reflection through the least time prlnuplc
SPACE ¢ hdmuulsllu of orbits (nongraphical ).
WAVES  Suin of 1Wo yiives

MOLAR  Acid base titration.

PHPOU pH and pOH percent di. ociation for weak

monoprotic acids;
DECAY 2 Nuclear decay:

EQUILI  quilibrium of 2777 = #1; + 1;:

EQUIL2 Equilibrium of PCI5 = PCI; + C13.
KINET  Reaction rate of A = B .
MASSD  Mass defect.

BFIELD Magnetic field picture.

Tii[ HE\ivléti "'u'k'iid (‘iiiiiéiﬂiiih Pi?iiéil iiﬁé eéiii-
tics. Meglmmcs E! c;lnuly .md M.l[.,ncllsm. and Waves.
All these are suitable for secondary school use.

_The list of upplications above is a representative
<umplcm‘u lur'g'cr ci)llbctibh Thc in&iriicidr Miki élurik

' (lcnlnp lm own apphumnnﬂ as llmn goes on. Thc dll'i

ferences v classes and in school systems makes this
highly desirable.
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Data Analysis

Sooner or later; all scxcmc students be;mm » in-
volved with acquiring and processing experimental
data. The computer has an ()bvmus and valuable func-
tion in this process. Simple programs 16 compute the
mean and standard deviation of a set of data are very
easy to write a. J often are valuable student exercises:

One of the Hu- tington Project programs; STAT; per-

forms statistical analysis of ldbomlor/ data: Mosl of

the program libraries furnished with « nmputcrs con-
tain very sophisticated statistical analy-is programs

(Il 1s_questionable whether these types of pmgmms
vre of much value in the scmndary curricula; s,
they presuppese a. knowledge
ildllsllt.s )

the mmpulcr (or pocket ulculdlor) and data analysns
in lhe science ldbomlory ll is, howcver important to
Lnlyr nnablnd(lve umdc ,ncre., Ii is rcgkéiiaiﬁle that
faculty often feel this is the only place compuiérs can
be used in science instivction. Data analysis is- cer-
lamly important, and computers have an important
application here; but not to the exclusion of other
applications that are probably more valuable.

Sim:ilations and ?‘Jﬁiéé

Computer g5 pre ,ndc a vast polemml wun-
ing 1o be explonte = i wisc qygggeator: It is-the
ummmn e‘<penenu d‘ 54

r:mpuler facnlmes ﬂml slu-

mvnlvcd and detailed games have been dcvcloped
The Pcoplcs Compulcr (‘ompuny has a hsl of

4valldblc
known collection of | games solely in the BASI(‘ Jan-
guage, is available from lhc Digital Equipment Cor-
poration,
~ With alt compiiter games, it is important to de-
'ci'd'c whcthcr lhc c()mpulcr is provxdlng mcrdy relaxa-
"""" ames are
th()SL whld] mvolvc mcunmgﬁ l Loncepls dlfflLUll to
Fcrmampohs 500 LOHLQIVCd by Murrdy Ale\dnJcr
of De Anza Cnllegc In this ganie, two drivers start at
poiv o and the race Fmshcs at point B, Tt is an unu-
sual type of race bécause the drivers cannot control
the speed: The coniputer assigns the same velocity to

1§85

of nmlllcnmllcui
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each car 1n region I and a different velocity to ziach in
region 11.

w20,

A% -

Figure 4-31, Diagram of 4 racé in the game
“Fermatopolis 500.

The only control the driver has is to choose where he

wants to cross from region | into region 11, The object

tive is to reach B in the minim.am tiffie. A graphic ver-

_ sion has been implem~nted in the Physics Comiputer

Deviiopment Project. The game is designed to teach
Fern-at's Princinle —one o(a class oflmportam optimi-

. at-nn nnnuples in physu,s Normd]]y thése ideas are

,r.""’at. ons -
ln ling Img run; computer simuiations may well

turn out to provnde the greatest edncational gain for

the lmgest number of students. A depressmgly large

pcrecentage of science classes are forced to treat sub-
jects pcnphera]ly never coming to grips with the cen-

tral issues This occurs because of the almost complete

LLk of mathema  al skills of most students. With a
minimum o* begirning algebra. though; students.can

- be taught to construc. computer models which per-
mlt them to acqure valuable msxghts mto what are’

mathematica’ anzlyals. “Alr Pol]utlon,,
Hewlett-Packard Curricuiitn  units, ]’eadswstuden’m
thi..agzh chis type of process. A second unit in the

— - ! ""B
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series, ‘whicii requnes no programmmg, ;s anreco]oglca]
.almu]atlon cilled GRAZE: The following simulations

from the Huntington Project have been expanded by

the Digita] Equipment Corporation and have back-up

* ~material available:

STFRL Fly Pbﬁﬁl:&tibh édhtrbl

POLUT Water po]]utlon snmu]atlon

- An excellent referer.ce fb’,r modeling of processes i$

The Man-Made World, published by McGraw Hill.

SUMMARV AND CONCLUSIONS

There is no questmn that :he computer can be of vast
1mportance to the scienice curncu]um The surface has

a glven curncu]um qu:te apart from exmmg texts

and reference matena]s This process is difficult-and

frustrating, butis wry Va]uable The computer should

be viewed as s toc! which is aveilable to assist the

educator. A course should be qunte different; both ex-

terrm]y and mternally, rdependmg upon whether a

computer is bémg used or not; in fact; this criterion

is a good one to judge the effectiveness with which
the computer is Bemguu]lzed in aspecific course.  _
A final point is most important. The yeast of
efi"ectlve uomputer uuhzauon m the science curncu-
obvious to one facul;y member and not wonh”repeat-
ing 'ma'y not be at all obvious to another. C'o’ll'ei:tive "
ested educa;ors ,1s much more llkelyrto pfoduce hlgh
guality results than the efforts of isolated individuals.
This is partlcu]d']y truz o comj:uter tutorials or dia-
logs. The time required to produce and test: effective
units precludes the generation of sxgmﬁcant collec-
tions by an individusl; the group effort is manddtory
The corip - et has exploded iriio the educational
comiunity with a speed that couid not have been
predicted ten years ago. T~ eauntlet has.been thrown
down. The potential gain .. surely greater in the sci-
ence curriculum than any other. How -ell education

mee:~ the c}.a!‘enge remains tc be aeen

7\
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COMPUTERS IN THE SOCIAL SCIENCES by Allen D. Glenn

—— <
INTRODUCTION . cenitly, however, more and more teachers have begun *
to realize the flexibility and potential of the computer
Saicidl studlcs instruction in - day's classrooms re- as it relates to the study of classroom topics; the anal-
flects a kaleidoscope of historical precedents and ysis of data,and the exploration of value questions.
innovative trerds in instructional strategies and ma- During the next few years, compixter-assxsted
terials: Many umrses are dominated by the historical instruction will become an infegral component of a:
approach to the study of man and by the lecture social studies classroom's learning cnvironment. A
method of teac hing: An incr reasing number of courses, major factor in this growth will be the increased num-
however: reflects the newer and more innovative teach- ber of computer facilities and eqmpment that will be
ing \n.ucgles and matertals that were developed in the made available. Alsd, additional matendls related
_I:m \lYllCS Jnd carly seventnc ln these classrooms specxﬁcally to socnal studles 1nstructlon are bemg .

this inc¢reased use of the. computer hOWc.\.r ‘. that

\ the social studies teacher will have oppo.tm-tx ?S o
c.\plomtmn of various values a,nd valpcrqucs jons. become versed in how the computer may be iiczd as
The social studies teacher of the seventies iS - an instructional tool in the classroom. |
charged with preseniing a realistic picture of man's ’ '
world and the problems he faces, and with teaching - ) v

"% Students the analytical skills necessary ta cnable them USES OF THE COMPUTER IN ii\iéfhb’éﬂéﬁ
to confront the problems and demands of an ever- . ' ' :
changing envisunmient. Social studies tc‘uhcrs tho Itisa mlstake to xlbnsxde;r ;he computer as a new m/
take this charge senously rely on a varicty uf instruc-- structional glmmlck 1o incinde in a teacher s ba

tional stratesi~< and seek to meet the individual leam- tricks. Such a conception c;xuscs one: to )

., ing_needs o1 each student. As a consequence, th re ntendous potentxal of the com uter as a
. m.uur elemerits chidracterize social studies educatmn tool to assist teacher and
stductional.objectives of a-udit of study. The compu-.
1 Emphasis on the social science diéclpinncs as a ter and its related materials musf be considered as an
basis of study. : integral part of the tdtal instructional process. The .-
. 3. Afocus on analyzing the mdnvndual and COllf‘" ’ teacher must plan ahead for the most effective way to
tive value pusnmns as they relate to various use the compufer in méeting thé goals of the unit and
» value quesnons confronting man. the individuai needs and learnmg styles of the stu-
3. Increased emphdsis on a more mdlvnduallled dents. - ,
flexible approach to social studies. '
- T A ’
Conput. ras isted instruction is in the forefront Drillmaster and Tutor : o
of the newer nstructional strategies being used in the Learning facts, concepts, and generalizations
" social studies classroom. Until just a few years ago the has always been an integral part of the social studies.
u»mputcr was viewed by most social studies teachers In fart, some critics suggest far too much of sotial
as a tk-ag that belonged to the math clas<room ‘re- studies instructian focuses on memorizing facts and
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lrgnru Whuhu GIIC dgrccs or dlSdL,rCCS there ure
facts, umupts and gener: ations that are iinportant
antecedents to. hrgher Ievel lurmng

Dnll and tutormg programs can be used effec-
tively in the social sludus classroom in two ways:

1. They mdy hc uscd as .m lns(rucllonal slr.ltegy

1 hrstory class in w
unbortant facts thc tedchcr

thostudcrns Icqrn thcm Durmg thc unit each
s‘i'u’d'cn’t d'cp'e'riding on liis o'Wn' hééds m'a'y L:i]l
.thlcs Kif to ',- Wil at Vhrs own pace tmdﬁlets the
tedvher and cl: < explore other areas of impor-
tance to the v 1. o .
2. Thivy midy E- o -ed as a part of an indivi 7¢
{ ledrning pach . More aiid more social studies
/ '?hﬁ lsing lheSe as part of their
programi i - lmvmg studerts develop grading
mus A drlll or tutoring, program included

teachers o

sure that ali students are acquiring the basic ele-

ments 0. zich unit:

These two types of activity let thesstudent learn at his

own riate. check hus own learning progress: and deter:.

mine what areas he may need help in. They also re-
lease the teacher for other in<tructional activities. -
Whrle drlll 3nd tutorrt.r progrdms drc vaiudblc dS

lhc tchhc r. lhcy do not ultlrrzc tjtc full potc,ntral, of
thie cortipiiter or nieet the rieeds of niost soucial studies

curricula. In miy opinion, it is in the areas of problem |

solving, dita analysis. and exploration of values that

computL"ru\"sisl'c'd ins'lru'ction'al programs' are miost

Problem smvmg and Stmulatron

An mtegr.l compomnent of the social studies
progrnm is teaching the scientific metliod of inquiry
as a means to problem solvmg Studcnts are to Iearn

how tospeculate about possible answers 1o 4 question,

; develup hypotheses; collect relevant data; test their

ERIC
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hypotheses: and draw tentative conclusions: It is dur-

‘ing this impoftant phase of social smdres 1nstructron

that the computer can be most cffcutrve as an mslrm-
tional tool. At present; a variety of pdC]-.dng com-

in the stuc.i:t’s materials or contract would en-

- : 177

in thc classroom. Three ex\.ellem examples are

:USPOP. OLUT, and bLbCT 1,2, and 3, developed

By the Huntmgton Two Pro]ett
simulations permit the student to manipulate a variety
of variables and can be used to test hypotheses. They

offer opportumtles for interaction between the speed
) lhc computer and the supporting
classroom m and mstructroml strvrtres

;USPOP illustrates the potential of such programs:

:USPOP is a human population model (}rrented

teward investigating United States populatlon pro-
jections. The studerit can investigate the effects of
fertility, age of mother at birth of child; sex ratio of

. offspring, and age-dependent mortality on population

size and structure. The program can be used in a class-
rooni in which students are studying toprcs elating to
the growth ofUmtcd States populatron —a go ment

questror]s concernmg pop,ula,tmn, growth. ln a geog-
raphy class stidying population density, for example,
students might W:irit to explore Whét effeet ze'r’op'op:

occur in densely populated areas. By determ ng the
growth rate and contfolling other variables, students
could devélop hypothcses and test. them by interact-
ing with tiie program. Becatse the program provides

instant feedback, the students could see immediately.
the results of their speculatrons and apply the data to

their orrgma! questions about populatlon densrty By
additional manipulation other variables might be con-
trolled and ctudents couid explore a variety of
questlons

Such | programs as USPOP offer the social studies

teacher a varrety ﬂf mstructronal opportunmes A

conlrollmg thc questrons and areas of study Such a
program wolild also be use;ul-in teaching studer.is to
develop and test hypotheses and draw comlusrons
Here. the cumputer program would be a skr]l building
exercise. It may also be used to ]et students explore
questions that are related to the topic of study but go
beyond what is to be considered during class discus-
sion; Small groaps of students mrght explore specific
questions; or an individual student might seek answers

79 i)
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to k! qucstron of spccral concern to him: Still another
use of problem-soivmg programis would be in the are:

of evaluation: For example; after the class has studied

the growth and determinants of population; the
teacher might .run a specific set of variables through
USPOP and ask the students to discuss the results.

Such an activity would be an excellent summatrve

" gvaluational technrque

Value Questions
! of the programis mentroned above permlt
e ,tuden' to explore a variety of ‘‘what-if-we-did-
th.. " inquiries. Such-questions offer ihe student and
teacher 2n opportunity to explore numerous value

questions related to a specific topic. For example,.
v

many students raise questionis about the most effec-
tive way to control population: Such alternatrves as
sterilization and forced birth control are. offered.
Computer programs lrl\c U?POP not on!/ let the stu-
dent observe the impact ‘ot such actici: on the popu-
lation; but also permrt exploratron of the questlon
“Should w¢ do this act; given thie'nc.zible impact on
our ﬁoﬁizlatton”' The possible :: wers raise . issues
and conce:ns that afe a vital =art of today s social
studies curriculum. Because students can observe the
impact of -their decision$; they may think more seri-
ously about their own values and decisions.

Data Aralysis - ,

Analyzing and collecti:.g aata are skills reiated
to problem solving. Stidents must be able to manipu-
late data that hiave been collected and anilyze the fe-
sults of the statistical analysis, Data banks {collections
of information about a selected togiv) are currently
heing USed in s"o'cial s’tudi'es 'pro'gr'zim's frorn elementary
uming task; computer-
teedback and flexibil-
ity can be of - . V/ith mrnrmal effort
s'udents cail selre\ O 1atlon frorn thr data
bank, compli i€ selected qnalvsrs nrograms anc begin
to deveJop tentative concmsrons

analy;mg the ¢
hised prograni:. |

3 In many sociz
studies classes Students develop questtbnnaxres drav
cam[:)l%:s

erter and analy7e their own data:

and collect data: For example ‘American

government ﬁtudents collect data atzout people’s atti-

C
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. o
tudes toward the 'gdi;érﬁﬁiém. With the assistance of
computer packages developed specifically for data
analysis purposes, students rnay oreate their owh data

tical techniques. These programs increase student in-
i)ol\)érnEnt in the n-’.n’ys’is proceés and incréaée hr"s

data rélated to a s,pecrf"c. problem.

CONCLUSIONS

Computer assrsted instructios may be of tremendous

assistance to the socral studres teacher: The computer
offers a means of improving and enhancrng irstroc-

tion, and its flexibility can provide an additional

“teacher” and an c,en laboratory for exploring and

analyzrng a varret;

computer can widen the horizons of social studies in-
struction and more effectivcly meet the needs of to-

.f topiés. Used effectively; the '

day’s young adults. But it is the teacher who holds :

the key to the use of ‘e compuier as an instructional
tool; not until he decides to mcorpon;ate it into the
total learning and ins--uctional process will the comn-

puter be more than another gimmick in a bag .of

~ tricks.

SOURCES i .
Infofmation on :computer programs for the social
‘studes may be obtained from the following sou-ces:
Software Distributicn Center "
Digital Equipment Corporation
Mdynard, Massachusetts 01754
Digital produces all materials devdoped
vy Huntington Two Project. Huntington
11 has produced a variety of social scienoe
packages‘for use in the. classroom:
Tecnica Education Corporation -
1864 5. State Street _
Sait Lake Clty, Utah 84115 -

”

Cenduft
P O. Bux 388 B )
Iowz City, lowa 52240 P

This is a elearmghouse for computer/
sistec mstructron ‘ s Lo
!

I
Teacheis shoujd also chedk with the social studies co-
crdi-ator within thefr district to de%ermlne wh!t is .
uvallahle at the present time.

/
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COMPUTERS IN THE SOCIAL STUDIES by Joseph U. McGrath

INTRODUCTION

The new social studies emerged in the early 1960's:
While probably no single element of it is entirely new,
the changes that have occurred over the last decade in
teaching high school social studies have been exten-
sive. Broadly stated; these reforms involved moving in
the direction of -

1. Greiter emphasis on the social sciences;

2. Greiter stress or the methodologies of research

7 or modes of inquiry;

3. Greater concern with conteniporary problems
and world pcrspculvcs

4:  Greater interest in attitudes and values; the af-
fective domain;

5. - Greater use of a variety of materials rather than

. the single textbook;
6.  Greater utilization of varied teaching methods,

especially those emphasizing student initiative.

In brief, the traditional content and techniques of
teaching social studies have been greatly expanded
\.md updated. While the reforms have no: been uni-
formly successful, it has been an invigorating decade
professionally for the experienced social studies
teacher.

f It now appears that we are in a penod of con-
solidation. Many institutes and projects_are closing
down. The professional literatur~ seerns far less radi-
_cal than before. Private publishers have taken over the
publication and distribution of .materials that were

 originally produced by federally funded social studies

projects. These materials are finding their way into an
ever greater number of classrooms. So, while the crea:
tive stage of the new social Studies appears to have
passed, we shall certamly never go back to the old
social studies, despite the current nostalgla for the

1950 s, change zmd evaluanon of materxah and tech-

niques are still very much a part of the typical high

school social studies classroom: ft lS in this context

that the computer will be used in social studies
ecucation:

The computer is an event in human history. In
its impact on the life of man, it seems destined to
rank with printing, radio; and television. It is part of
our world and even more part of the future world of
bhr Sfudents As Suéh ii éleai'ly béldngs in thé social

stand contemporary Amencan government, business,
or industry without knowing what a computer is and
what it can and cannot do. ) B

_ One of  the basic principles of the new soc1al
studies—oné that goes back at least to John Dewey—is
that studenis learn through experiencifig a process.
While we certainly. have a responsibility to teach
about the computer as ar object of instriction, the
most valuable Jearning w111 occur where we use the
computer as a tool for instruction; it is in this use the
student can be given that hands-on experience which
is such an important element in achievmg real under-

standmg Used in its several roles the compnter can

contribute to social studies mstrucnon in a variety
of ways. .

But social studies teachers don’t know anything
about computers! This may be true for many of us.
Not only do we not know much about computers, we
aré iritiriiidétéd—éi)éh frighténéd By théiﬁ Désbité

school in response 7[70 ,thf_’. dcmands Qf the ,socxal
studies department. Mathematics and science depari-
menis and the school administration have provided
the leadership in making computers available to the
schouls. Ours is a llumbler task. We have access to a
computer, or will have in the near future: how can we

/
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use this opportunity to enrich our teachlng and fulfill -

our obligations to our students?
USES OF THE COMPUTER IN SOCIAL STUDIES
INSTRUCT-ION.

Drill and Practice .

Functioning as a drillmaster in the social =tud1es :

classroom, the computer can relieve the teacher of
that thankless job, save his time, and provide the stu-
dent with an interesting way to master some of the
basic facts and concepts of history and the social
sciences.

~ Computer- conducted drill has several obvrous
advantages over a question- -and- -answer drill session
with an entire class. The student can take time to

think out the answers without always havrng another

student answer first, so that each studeni progresses

at his own rate. The fact that the student learns im-

mediately whether he is’ rrght or wrong and is then

given the exact answer is 4 decided advantage over the

- usual written exercise: Frnally at the end of the com-

puter exercise the teacher has a record of the student s
performance:

Although drill is not looked upon with favor by
most exponents of the new social studies, many class-
room teachers find it a valuable teaching aide when
used selectrvely The drill programs are usually simple

and can be constructed by the teacher with the help
of a student who knows BASIC programming.

Tutorial

For the social studies teacher the most valuable
tutorial programs are those which present and explain
a concept. Has any high school American - History
teacher developed a technique for presenting the
money question of the 1890’s that drd not leave some
students bored and others cont‘used‘7 How efﬁcrem it
would be to be able to send the students to a compu-

learn at his own pace. This fanction of the computer

will become mcreasmgly ‘relevant as we mtegrate

more of the concepts from the social sciences into

our socral studies carriculum:

Problem Solvrng -
Marshall McLuhan has pomted out that compu-
ters are extensions of our brains, as tools are exten-

READII\LGS IN COMPUTER IN THE CURRIECULUM

sions of our bod|es Thrs isa helpful concept to kecp

a problem solver. Certainly problem solving has long

been a central theme in social studies education:

Ina problem orrented social studies curriculum;

the computer can be a most effective tool in allowing

the studerits to deal with information at a level of

complexrty and sophrstrcatron that has not previously

been possrble Applrcatrons in populatron ‘studies,

ecology, and economics 1mmedmtely come to mind.

A typrcal problem miglit be:

*If in 1978 Congress passed a law limiting fami-
lies to two children; what would the population
of the United States be in the year 2000‘?

The answer to such questrons qurckly proyrded by a

computer, can be the springboard to-interesting and

rnstructronal analyses _papers, and drscussions of

mines in part the accuracy of the solutions the pro-
gram generates This is a most 1mportant concept for

the social science student; as it concerns not only the

valrdrty of computer results but the validity of any

model-based analysis. In this contex:; recognition
that the qu;rlrty of the data put intc the computer
determines the quality of information coming out

(“garbage in; garbage out”) is important and relatively
easy to. get across to students. In addition, use of the
computer for problem solving naturally invites discus-
sion of ho'w' the corﬁputEr operates as well as what it

computer can and should be developed It is; after all;

a tool that is used as the men who cont: 51 it want it

used. If it is being used in such a way as to threaten

our privacy or freedom our complarnt is against

those who are so using it: In the wrong hands, the

computer can pose threat to freedom: But that

threat can clearly beicontamed by a concerned and

knowledgeable crtrzenry within our democratic
traditions: °

Data Analysis

A number of elements of the new social studies
support the educational value of having students in-
vestigate problems through the collection and analysis
of data. For example; the High School Political Sci-
ence Curriculum Project recommended the use of the
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high school itself as a laboratory for testing proposi-
tions, Here the student social Scientists use their
school and their classmates as subjects to be surveyed.

In school or out, the student research paper
based AIpon a survey or nther sources of quantitative
data is increasingly common. While the data are neatly
presented in these student research papers, typically
nnthmg is d(mc with them beyond a simple quantita-
tive comparison: The computer allows muc.h more
sophnstu.atcd andlysis and evaluation: It dlS() ericour-
ages the students to expand both the amount and the
type of information they secure:

Another educational use of the computer int

data analysis involves allowing the student to test

hypotheses by using a comprehensive collection of -

data that is part of the program. The Educational
Systems Rescarch Project at the Carnegie-Mellon
University has a system-the U.S. Congress 1829-
1836--*whicli provides the student with data on 936
individuals who served in Congress during this period.
Each congressman is described by fifty-two categories
of information. Also included is data on 5,000 Con-
gressiondl bills or motions that were introduced and
how each congressman voted. Here certainly are data
to test all those theories of who supported Andrew
Jackson and why. It also sliotild give the stiident an
appreciation of the complexity of the past. But, most
important, it should give him an understanding of
what it migans to formulate a hypothesis. test it,
s revise it test it again, and so on.
L

Simulations

€omputerized s1mulat10ns and games provnde
the classroom teacher with one of the most inventive
and promising instructional innovations. For social
studies; simulation provides a seif-contained environ-
ment in which the student or the class can study tiie
cause-and-effect relations in a model of a complex
real-life situation or system. Here the student social
scientist can experiment in economics, political sci-
ence, or sociology as his counterpart in the science
laboratories can_experiment in_biology; chemistry; or
physics. Using the computer, the student can explore
the model 4nd formulate, test, and revise hypotheses.

"‘Socml Educanon (Dctcmbcr l970) p. 905
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He then is able to do something that no political sci-
éittist can dn in thé iéul Wbi'ld‘ lié can cl‘*n{.,é the

slmuldttons of real- hfe s1tuattons or systems and are
highly motwaftlondl,to students. MARKET, another
Huntington Two simulation, illustrates the game-
dimension of a similation of economic competition.
Two groups of students assume’ the roles of presidents
and other officers of two companies manufacturing
and selling bicycles. Each team of execufives makes
decisions, about produgtion, advertising, and pricing
for thcnr conipany during the forthcoming quarter,
After the decisions for both cormipanies tre ‘entered
irito thg tomputer, a financial statement for each
company is printed out. The two teams make their
decisions for the next quarter on the basis Qf these
financial reports. The gama ends when one company
accumulates 12 million dollars in total assets or goes
bankrupt:

Even in situations where the cne computer ter-

minal is located in the math depdrtment office. it can

be used as an instructional tool in the social studies
curriculum. For example, POLICY is one of a number
of computerized simulation games that can be played
without direct contact with the computer. It is a simu-
lation of the interest group process in formulating .
natjonal policy. The students are members of one of

six interest groups: Business, Labor, Civil Rights, Mili-

tary, liternationalists, and Nationalists. Each student
is given a list of socioeconomic indicators that por-
tray the health of the country and a list of policies
whtt.h th passed could change the indicators. Each -

.interest group compares its goals with the national in-

dtcators eximiines the pohcnes and decides which to
support: Realmng that they need the support of
other interest groups, they bargain to gdin the votes
for their policies: At the end of the cluss period each

interest group turns in a form telling whu.h policies it

supported with its 100 influence points:

Any time later in the day, the teacher or a stu-

dent can enicr these data into the PoLICY program.

After the t.omputer determii:es which policies have

-passed,; it prints out the resulting ::hanges in theé socio-

economic indicators: The teache: can duplicate this

computer printout and hand it out to the students at
the beginning of the next period; when it becomes
the basis for the second day’s deliberation. The class
is thus able to benefit from computer simulation with-
out ever having direct access to the computer.
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SUMMARY AND CONCLUSIONS

The computer represents a promise and a challenge to
the social studies teacher. The prommise is evident in

everythrng that has heen drscussed Thrs fantastrc tool

”lhe challenge rs to adopt it and adapt it to our teach '

ing methods and educatronal goals. Certainly the

modes of rnstructronal use as described above are

In our drscussmn of typrcai uses at least one computer

applrcatron was mentioned for each of the six reforms

listed in the introduction: And it must be emphasized

that computer-based instruction is being proposed as
a complement to existing educational techniques.
Schoo! time, however; is limited. New methods
must not only be educationally sound, they must be
more efficient than those they replace; arid they must

tages of teaching wrth computerrz;ed instruction?

1. The students are more highly motivated be-
cause they are more actively involved.

2. They learn the skills of procedure, analysrs and
decrsmn makrng *

to concepts. and how relevant information is
used to test hypotheses.
4. They increase their selfunderstandrng as they
see how they act in different learning modes.
5. They probably gain an improved sense of their
own learning abilities when they are allowed to
_ proceed at their own pace.
6. Student-teacher relations improve as they are

less frequently in adversary positions:

7. Partrcrpatrng in computenzed classroom simula-

tion games results in a more open classroom

se'tmg and a greater independence of students.

8. More students are more actrvely involved in

class actrvmes
9. Attitudes and values change as students come
to understand, appreciate; and empathize with

the roles they play in simulated experiences.

w
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J1o. They get to know their fellow students better

through mteractmg with themn in the games.

The promise is there; the challenge is yours:*
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- mals, but also about caprtal investments, marketrng,

. important

- purchase or lease equipment: It is used in herd im-.

.

COMPUTERS IN VOCATIONAL AGRICULTURE

by Jerry Paulson

INTRODUCTION

Agriculture today is less dependent on manpower
than it has ever been. Less than 10 percent of the
workers in the United States make  their 1ivmg on

ager: he needs to make decrsrons not only about the
cultural practices requrred to produce Crops o1 ani-

strategles productron practices; and the like:

In the curriculum of agrrculture as a vocation;

teaching management practices and the elements that

contribute to good decision-making are just as :mpor-
tant as instruction in the varieties and uses of mecha-
nical aids to the farmer. The computer can be an
tool in the farmer

processes )

States, less than lOpercent of the developrnent effort
of computer manufacturers has been spent on prod-
ucts or systems related to agriculture. Fortunately,
the prmcrpal dcvelopment effort has occurred at col

many programs wluch are useful in the classroom.

The computer as a tool in farm record- keepmg
has many applications. It is used in analysrs of farm
=nterpr|ses to determine the proftablllty of each

enterprise and whether the mixture of assets devoted

to each enterprise is the optimum: In fnancral analy-

sis, it can determine such things as whether to

provement programs It determines such calculations

'as least-cost rations: Simulations of an entire farm

Q
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can be madz with the computer: €lassroom adapta-

tion of these programs can provide encapsulated
experrence which would require several years of actual

production on the farm, The size of the farm and the
factors affecting its_operation can be changed at will
in order to provideff variety of situations for the stu-
dent’s manipulation.

Compiuters are too expensrve for mdrvrdual
farmers to own or lease. Most agnculturally related
programs ate written to serve a number of user§“and
to be processed in some centrally located computer
facllrty, which addrtronally benefits agriculture stu-
dents: Many schools now have access to a computer

network through terminals within the school, and

many more can access i computer by batch process-

ing (submitting input data on coding sheets whrch are

keypunched into cards and read into the computer,

then waiting for the output until the batch is pro-

cessed). Many of the programs useful in the Voca-
tional Agriculture classroom can be operated in either -
of the above modes.

It should be recognized that teachmg a student
to use service-oriented computer programs does not
necessarily teach the concepts that can be used in
later problem solvmo The programs can be used
cepts and proyrde experience in per{onmng managerial
functions.* Use of the computer also can eliminate a
gredt deal of tedious data manipulation and calculs:
tidn Which Z‘ontribute little to the ediji:étidii process

“1

hancement ofthe educatron process through eammg
by domg as the student ¢ ‘operates” his farim with a
srmulatron program is still another advantage of the
computer as an educatlonal tool:

*Michael Boehlje, Vernon Eidman, and Odell Walker,
“An Approach to Farm Management Education;”
American_ Journal of Agricultural Economics, 35
(May 1973).
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USES OF THE COMPUTER IN VOCATIONAL
AGRICULTURE
o
Drill and Pracnce )

- Drill and practice wo.rld contrrbute lrttle to the
Vocational' Agriculture educational program. It is not
the kind of curriculum in whicli the development of
fundamental skills is tlie objective; the goal, rather, is

‘to develop the abrlrty to apply knowledge to the solu-

trces Necessary drill and oractrce could be carried oui

as a part of other classroom activities and need not
employ the unique capabilities of the computer.

Tutorial
Use of the computer as a tutorial aid has not

become animportant factor in Vocational Agrrculture

sducation: True, some areas in the curriculum are

amenable to,t,ll's technrque but little if any work has

been done Many other media adapt themse]ves to the
tutorral or selflearmng techmque programmed

t,h"t,ff’,’??““’,," for tutorial applications, and without
doubt they are easier to acquire and use for the school
which does not have ready access to computer equip-
ment:

Problem Solving )

One of the ways in whrch the cofmpiter can be
used to good advantage in the Vocational Agriculture
curriculum is as a problem solver. Many probleins en-
countered in the management of complex. ernterprises
like today’s taniis require the compilation aid com-
parison of datid involving mary calculations or many
factors The computer s unigue capabrlrty for accumu-

this kind of problem

Some useful computer programs are:

A program to calculate the future value of an invest-

~ ment at a ﬁxed rate of compound 1nterest
for a planned enterprrse., This program mrght
also prepare a summary of costs and returns for
an actual enterprise after it is completed.

A program whrch will calculate the pay off perrod of
for a given prrce per pound

A program which will calculate the most proﬁtable

Pt |
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way of deprecratrng equipment and prrnt the
depreciation schedule:

A program which compares the costs of ownership
and custom hire: f

A program to calculate the true interest rate charged
for money borrowed.

A program which calculates the amount for each equal

payment neededi toﬁpay off a loan whose

amount, tem1 and interest rate are known.
A program which will calculate the break-even point

for rented land:

These are examples of the many kinds of problem
solvrng programs available. Their value to the class-
room teacher lies in eliminating complex and tedious
calculations requiied to support the concept beirig
taught: it permits the students’ attention to be direc-
ted to the concept instead of being distracted by the
mathematics involved.

_ It may be argued that students should learrr to
perform these calculations on th61r own, but it also .
can be argued that 50 much needs to be taught inso .

learmng process is worth consrderrn,, When he comes

to apply the concepts he has learned to real-life prob

: lems the student will have access tO nuMerous sources

to soive them; and it may be more valuable for him to

learn about these sources than to use valuable class-

. room trme learnrng to work the problem himself. For

example; a program which calculates the break-even

analysis for rented land requires the fol]owrng data:

acres of land, length of crop rotation cycle, gross sales;

hours of labor; tractor hours and cost perhour, ferti-

lizer costs, side- dresstng cost, seed cost, and dll other
costs: It is easy to imagine the opportunities for class-
room discussion about the many problems and alter-
natrves faced by the farmer in prepartng the data for
ment showrng the per-acre costs for each expense
item, the estimated value of the crops produced,
and the maximum amount that can be paid per acre
for the rented land. By simplifying the necessary
arithmetic, the instructor is able to concentrate on
the two important aspects of the problem: gathering
the required data and analyzing the results.

Data Analysrs
Data analysis programs in agriculture compare

the results of problem- solvrng algorithms involving

different conditions or strategres and select the best
alternative: One such program might analyze the
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protrtabrlrty ofa proposed rnvestment lnput mcludes

the estlma[ed lrfe of the item; percent return the

money can earn if invested elsewhere, income tax

bracket of the operator, current interest rate for
loans; depreuatron method: type of loan; length of

loan in years; total number of installinents to rcpay
the loan; purchdse price of the item; down payment ‘

and/or trade-in; salvage value; additional income to be
reatized; reduced costs: and added costs. The or&put
evaluates the profitability of the investment expressed
as a change in the net worth of the business; the opti-
mum depreciation schedule, the depreciation amount
for each year of the life of the investment, and the
break-even interest rate. X

Data analysis has so many characteristics in
common with simuiations as applied in the agriculture
curriculumn that they tend to overlap. The data being
analyzed will itequently represént an enterprise of
the farm or a comporient of the enterprise. The pro-

grami which andlyzes the data thus becomes a simujas =~

tion of the enterprise itself. For this -reason, the
remainder of the discussion deals with simulations.”

Srmulatlons
Agrrculture is esnecially adaptable to smrula-

tions: It operates within a definite cycle—- the growrng

season—of the same length every year for a given

enterprise. The elements affecting the enterprtse are

relatively easy to isolate and quantify. The typrcal
farm is made up of a number of different enterprrses

"eaeh can be snnulated separately or the whole can be

to. srmulatron l'o,r the same reasons. Since the produc-
tion cycle fcr the farm is so long, simulations have
special valiie. The experierice of several years' opera-
tion of a farm can be telescoped into weeks or days
through computierized simulation. Games=simulations
structured in such a way that they can be used com-
petitively —are also useful. :

Some samples may help the reader understand
the scope and range of this klnd of program.

Cash flow analysrs is a srmulatron of the enter-
prise in financial terms: lnput calted for in inventory

of assets crop productlons sales purchases; livestock

rations and feed use: income and expenses, capital

acquisitions and sales, and personnel data: The output

includes repayment schedule for current debts; cash’

flow report; profit-and-loss statement, net worth state-

Q

ment, inventory reports and a hrghlrghts report show-
ing (1) changes in net worth; (2) change in debt,
(3) effect of 10 percent price increase, (4)-effect of a
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5 percent change in cash costs, (5) effect of a 10 per-
cent drop in crop yield. (6) effect of a 10 percent
drop in feed efficiency.

The cow game simulates selectrve breedrng m
lrvestock lmually 50 cows are bred to 5 bulls. Based

" on weanlng welghts yearlrng werghts and conforma-

tion; the partrc:pants select replacements and deter—
mrne the breeding program. The factors aft‘ectrng the
product (the calf) have been limited to those drrectly

connected with breeding and selection in order to

concentrate on.a single aspect of the operatron

Several kmds of enterprrse analysrs programs

are available: Gne\ which has been adapted for dairy,

beef ranch; or orchard enterpnses analyzes the data

furnished by a group of operators about their enter-

prrses [t compares each operator’s enterprise wrtlr the
group average. Report output includes financial sum-

maries; labor;. capital. and land managenent; and
management of the animals, where apprépriate.
A farrn management game srmuldtes a 640 acre

rFarm orgamzatlon I:P is a linear programming

model used to determine the optrmum combination

of t'rops and crop acreages for individual farms. The

input forms are selfexplanatory and completely
describe the individual farm:

Classroom use of the simulation; game; or data

analysis program could be confined to dramatizing a
concept or providing a Jumprng -off place for discus-
sion; at the opposite extreme; operating a sr;nulated
farm could be a long-term project for an entire class,
using the capabilities of one of the linear program-
ming simulations .

batch programs. Some of the value of immediacy is
lost by thts method but 1t does make the programs
some of the patrcnce necessary for those who are
going to lrve with the long production cycle inherent
in agrrculture

SUMMARY AND CONCLUSIONS

In summary, computer aids to educatron in the Voca-

“tional Agriculture currrculum are likely to include

programs which provrde opponumtres to study farm

195
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operation in the classroom: or which, by relieving the
instructor of having to b’rder;i structure large
amournts of data or perform camplex calculatrons,
simplify - the development of understandrng and

ramrlrarrty with the decision- makmg process as ap-

plied to agrroulture productron €omputer programs

need not provide instantaneous response to be usable

as rnstructronal aids; and batch processing; common

in programs desrgned for agrrcnlturralrusers will prob-

ably be with us for some time to comne:

If current trends continue, cofn;iuters will be-

come increasi 1gly available and usable in’high schools.

Modern educational methods are moving more and
more in the drrectron of involving the student in the
educatronal process. The computer provides a useful

tool to encourage this involvemer.t.
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APPENDIX |I: Keys-to Recognizing Gener

KEYS TO RECOGN :ZING GENERAL
PURPOSE LANGUAGES

INTRODUCTION

It is not likely that you will be called upon to recog-
_Nize programs written in all of the main languages
mentronedﬁrnithe first part of this booklet—FOR-
TRAN, COBOL, ALGOL PL/] BAS[C APL and
LOGO. It is particularly unlikely that yau will want
10 use programs written in COBOL or any of the nu-
merous other languages we have not mentioned here:
To srmphfy your task of learnmg to recognize the lan- .

N

N guage used for 3 program, we will take aicl?oiser look

+ at the four languages you are most likely to encounter
as a tedcher—BASIE; FORTRAN ALGOL, and PL/1.

oo IR

= Programmmg languages are structured very
similarly; though they appear to be quite different.

For example, the same three elements (input; process;
’ and output) occur in each language; but the actual
’ Words used (eg READ or PRINT) may bé differént
the language . ' @
_ The next few pages ggnﬁtarn examples of pro- .
grams written in BASIC, FORTRAN, ALGOL, and
PL/1. For each language, we poirt out the commonly
] _used word for eich type of instruction and some keys
oo *to help you recognize the language. It won't be neces-

. pare it to the sample program in the language, and

note the characteristics of the language.
BASIC ~

-2

g_rams for your own classes. You need not learn to
wme brograrns in BASIC or an'y other lahguage to

zand know whether it is avarlable on your computer.

Thé distinguishing k:harak:teristics of BASIC are
amige the BA,SJC ,progra-m on page 18% notmg the
key features of BASIC.

FORTRAN

Whrle BASIC is used to write programs for mteractrvel

mode, FORTRAN is commonly used in instructional
matenals where batch _processing is appropriate.
Compare thie FORTRAN program below with
the samiie program written in BASIC Notrce that dlf-
ferent words are used for the various types of instruc-

tions: Can you find the input, processing, and output

* instructions? How does the programmer make *

sary to memorize the keys: just read each one, com- marks” in FORTRAN” <
BASIC ;EQBIB&N:
) - 10 REM THIS 15 AN EXAMPLE1 A € THIS 1S AN.ADDITION.PHOGRAM
’ 20 REM V—PROGRAHfT() ADD 2. -NUMBERS C . 1T 15 A FORTAN EXAMPLE
25 PHINT “TYPE 2 NUMBEHS"™ 7_. READ _(2,12) FIRST., SEC "
. 30 INPUT XnY * 12 FORMAT (L10)
M . . - 35 1F X=0 THEN 60 - SuM=Fi1RsP? s SEC.
» . <[ a0 LEJ--5=Xey_ _._. WRITE €3.20) &6VY
50 :PRINT '“THF StM 15%; s .. 60107,
R s5 G0 TO 25 20 FORMAT <III)
60 END FND ,
- “ )
. * . Sample program in BASIC and FORTRAN: . -

Q
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: KEYS 10 BASIC -
. tmstructto 7,-, ,Ti"‘ ,‘*’J!"‘,i ""'7‘"' ts commonty used in

request input from the us
Instruetion is READ,
Process lﬁa’\nulru(~lioriu_.
instructivas. in BASIC
LET so that

8

er in interactive mode, Another input

Tht uurd LET often tdentifies processing
ame yerdgons of BASIC, however, omit the word
,

60 LET Rele2

@

189

" would ximply appear as ~
~, . -
d for vutput in
¢ wl Another nutput in~
struction is WRITE, -
: Progrimmer comarky, The word REM introduces o programmer-
tamment_in BASIC. These programmer vemnrks are for the use of
nnyone examining the progeam lsting, and are igmored by the computer, .
- t .
Llnc nuﬁml‘),qr;l,, ery line in n BASIC program s numbered sequentinlly,
often (but not atways) by tegs. ’
Lonp instégyetions,  Loop instructions enuse the program_to pass through
the same set_of instructions several times, The words FOR_and_ NEXT
are used-in BASIC for loops. Study the two examples of loops below 1o
. see hoy loops work: o . _ )
-l 0 - - -
this-boep ( 20 vt 1| s o { oo P
NEXT- 1 3| mresasces 80 NEAT u
7’
: Loops can alsn be formed using 2 GO TO instruction,
variable names. _Look in processing nstraclinns for names of numericil
_ | quantities. e names are restrigvted in BASIC to a gingle letter or
- ~letter followed by one d 3 g be typieal for
< quantities in BASIC prugeams:AsBs % ¥s 81,205 US. Therefore, you
') whuld nnt find the form E0 SUM=X-Y, but rather 10 SeXey. _
B - . , -
4 Other keys.  1uok for the words DIM and IF<e.THEN in BASIC ii'ni;:rnm.u.' .
e e — o . o
"IN ——————F10\DIM 67557, 5CTI.ACT) S
- . 7 : - TH1S_PROGRAM COIMPUTES AUVERAGES
AoGravmewin- T 16\ FOR A SET OF STUDENT TEST SCORES. .
AleviankS. T, Re1 D 7
B
40 READ G(R»C)
59 NEXT C
60 NEXT R
70 FOR R=1_-TC 7
80 LET SC(R)=f .
| 90 LET AtR)=8 _ B - i
- '7' )29 FOR Ca) TO 5 -
FoR... NE { 118 LET SERI=STRISGCRs{ s
Aaop 128 NEXT C__ .
130 LET ACRI=SC(R/S
148 NEXT R -
158 PRINT “STUDENT NO.*,"AVERAGE"™ .
. > o~ b 160 FOR Raj J0_7°
PRINT gl <17 TBRINT) Re ACRD
" NEXT - .
- J’ 199 DATA 85,808,995, 78,88 -
Singlh Lol d | 191 . 4
W dln anmelt. ‘192 DATA 8 295095
N 193 DATA 95-,87,80,93,98
194 DATA 87,835 785,83»87
195 DATA B4,98,65, 79,83
5 196 DATA 90,95,90,85,80
200 END .

i

.
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Now look at the program again: Were your ob-
servatrons corract? :

APPENDIX I

B o .
Tigmmemic ik [
C /n cmugnt "g
/;, voco YuszcTiam : READ—}>7.
12

5 Phocassng ssefoscine; no _

DuTpiaX wietiaiaProwi WRITE °
‘MZMm o'o » |

/

___,VSUH'EIBST + SEC

ﬂmm 111>

THIS IS AN ADDITIDN P}'DGSAM
IT IS A FORTRAN _ EXAMPLE !
SEC.

FORMAT €110 ‘,
WRITE (3;80) SUM
TO 7

FORTRAN program with comments:

Now look back over the two programs and see
if you can identify the FORTRAN version of the in-
put, process, and output instructions used in the
BASIC program. Write the FORTRAN instructions in

the space provided:

FOR TRAN

BASIC

30 INPUT X, Y

40 LET S=X+Y 7
50 PRINT “THE SUM IS”; S

o .

ln the BASIC program, the programmer calls
the two numbersX ang Y and calls their sum S. What

are they called in the FORTRAN version? Check
your answers below.

At this point; you.can probably recognize cer-
tain identifying features of FORTRAN Here is a
summary:

KEYS TO FORTRAN— ¢

ns. The word READ ls primartly used for input in
FORTRAN. although other words are sls ed. .

ﬁoTssﬁg K il[mm No sper:(nl wnrd llke L T is used for pro-
cessing. These statements usually take the lorm of an gﬂallm like:

At l )-A( l 08)
N!T-GNDSS-DZD
TEMPsK . . T
B I L S |
,QnEt nstrucuoml The  word._dRITE _is usually used for output in
FORTAN, although other words auch as PRINT are also used:

P;ogr_'ammgr :emm—ka c ajmrl lor Com menl allm lhe progrnmmer
to make remarks in the prom‘nm which will be lgnored by the comjuiter.

Llne numbe:g Nar avery llne need benumbered ln a FORTnAh progrnm
Line numbers in FORTIIAN also do not have to appear in sequence.

o

—‘\l Loop instructions, Loobs are mndj Lnj-‘g;J:&;(AN programs with the \\qrdu
DO and CONTINUE. For example the following loop would produce the
hdicated output: . -
— e - wite ([ mizn:
. LR RS . prosociter { 15 :3»11:::1‘2:;5:1;1 B .
Answers to questions above: . [so covTimuE ] D
S ”\T’_ﬂ S NG B3
BASIC | FORTRAN . . __ * S {]e ' o
30 INPUT X,Y 7READ (2,12) FIRST, andanaad 1 54 .
40 LET S=X+Y SEC —— > — —
50 lSRlNT "THE SUM --SUM= FIRST"‘SEC Loope can n.lsobe lormed ualngn m T lnsl.rucllon L
1S: 8 WRITE ¢3;20) SUM- - SU& . Vartable Names. Mot versions of FORTRAN aljow variables to be

*in wi 2
“X"4f BASIC is “FIRST” in FORTRAN; “Y o | ohiein J&?ZT»«“’ZZ'&T."Z’&. T ma g e pece?
BASIC is “SEC” in FORTRAN; “S” in BASIC is Oifier Kive: Look or ii6 wordii oo

,,"SUiM"iﬂORIRAN. ‘ __pr_o._gmmsgs 60k for ihé worda mmuvr and DIMENSION in FORmAN
¢
£33, -
2U4 :
o .- ; ) . A
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Check to see thht you understand the key fea-
R 'Iures of FORTRAN by looking at the sample pro-
.. gram below

INITIAL VALUES FOM VﬂRlABLl:S
OLOAN=32700.00
20.075/12.0
22v .00
MONTH=3
IYR-IO,,

-t TINT=0.60 . .
( aJs1,360 3
He.  sTER. 1. _comPute- mrrnrsr Pmmmr
- PDINT=OLOAN®RATEM -
C. SIEP 2. COMPUTE PayMINT OF PRIVEIPAL
+ PRINPTePAYMNT-PDINT -
. WRITE: €3,2) OLOAN, PRINPT.PDINT,MANTH, I¥H
2 FORMAT. €. *,F8.0,F8.2,F6.2.4%,12, */1,10)
AGCUMULATE- INTEREST PAID SO FAR
POTINT=TOTINTSPDINT. . _
1E- COLOAN=PRINPTI -1, $,6-
c STEP 3. REDUCE PHINCIPAL
6 DLQANOLIAN=PRINPT
MONTHeMONTHe] -
_IF _t12-MONTH) $,a.4
§ MONTHel_
T LYRmIYRe
a YR

PRINT LINE. AT END OF—REPORT
""".'? $3,3) JLOAN, TOTINT

-

N
FORTRAN '5rogram showmg key fxgure<
ALGOL ) ) ' .
Let’s see now what our smple addmon program
would look like if it were written in ALGOL:
BEGIN_ I ’
COMMENT ADDITION PROGRAM: o
INTEGER  NUMi, NUMZ, TOTAL}
LABEL HERE: e
FILE CARD (KINDsREADER,: MAXRECS1ZE=14) )]
FILE _. LINE (KIND=PRINTER, HAXRFCSIZE-22)
FORMAT FMI_C130)8
FORMAT FRMT CI11ID)
NOw: READ. (CARDs» FMT, NUM1, NUM2)3

i TOTALs=NUMS + NOM23

] VRITE (LINE, FHMT, TOTAL)}

_ G0 TO NOw;
D,

Sample program in ALGOL.

O . .
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g’rammert remark gxpla!nmg what the program is for.

" Can you also find an input instruction, a processing
-instrifction, an output iistriiction, and a cotrol in*

struction? Can you identify a lcop? *

Try. to find each of these features. When you
. have identified as many of the program elemeiits as
possxble see below, where the distinguishing charac-
teristics of ALGOL are descnbéd

¢

*E’fS—?G#\I:GGE .

| lnpiit [nstructiona:. A comimohly d4ed {npat Instriction in ALGOL Ia_
* READ: however, lhlu word 18 not standsrd lnr all versions of ALGOL,
Proreus(ng instructions. Prnbuﬁly the best way to inatantlyrecognize nn

ALGOL program is ta find a proceasini insteuction. ALGOL is the only
simple equnla ulgn (<) In the

i;u"ui_i . iai:m' N

| TOTAL

Te iii(e lﬁﬁr

L TOTAL-NUMY © WM
~ - _ . — e
Output instructions. Again, there is no standard output instruction in

ALGOL. WRITE is commonly used, but is not found la all veratona of
ALGOL,

Pfggnmmer remnrﬁs The wurd COMMENT _ allows the programmer
to insert temarks which will be ignored by the computer.

i ino humbers, &cnn{nnﬂiiy; a i\ne will be "1abelled” with a woed

ullw?g a colon (like NOW$) but not with a line number,

m; The !ullnwlng cnmblnnllnnl of words create loope ln
ALGOL:

'Olo- oSTEPes o UNTIL oo .no...

VHILEweoDOs oo

DOse sUNTILo s s

Lonps can nl-u be lnrmed using a GO TO inmtruction.

Variable Names. - Names in ALGOL ususally can-be much longer than in

FORTRAN or BASIC; names up to 15 charscters long {such aa
THELASTRESULT ) are olten allowed.

Other_keya. Many_of the lines in an ALGOL program_may end with s __

semicolon | . Some versions of ALGOL allow lower-case letters tobe

used-(e, ., & varlable could bo named, "lh;iﬁtr;iult") ALGOL u'oguml
are divided Inio a aertea of blocks or segments, characierized by the word
BEGIN_ at the stsrt and  _PMD st the end. A long program may hava

-dozons-of BEGIH and —END--instructions.— % ~—— -

-
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~ Check the features of ALGOL in the pibgfam
‘below.

el —

"BECIN mieviaciion 4 .gg_:m) -

?ﬁo’MM-@ OXYGEN (PERCENT OF OXYGEN IN POTASSIUM CHLORATE) PROGRAM3
RE

) MASSE. HASEB,MASSA,MASSUsMASSCLE,MASSO, EPCT, TPCT, ERROR,
o - : PCTERROR? <
ey camt w] INTEGER 1D —~
3 stemd of Lowe T ALPHA SN12 SN2, TN 1, TNED
: LABEL START, DONE}
FILE CARD(XINDsREADER:MAXRECSIZE®14),

LINE(KIND=PRINTER,MAXRECSIZEw22) } s .
FORMAT 7 FIICACAS) »XS, 18, 3CXA,F€2IIF - -
FORMAT F01(X38,"MASS OF CHeCOUER _CR+COUER MASS OF MASS OF"’

* _ MASS'OF  EXPER __ THEQR™): o o

FORMAT FO2(X24,"RUN  EMPTY CR. ' #KCLO3 _ +KCLO3 KCLO3 ™

" __ _KcLoe OXYGEN z oF % OF »
o *PERCENTAGE">3 - - - —
FORMAT FOO (X455 “PEHCENT OF OXYGEN IN POTASSIUM CHLORATE™//)}
FORMAT FO3("TEACHER .__ _STUDENT. 1p + COVER BEFORE MT "

"AFTER HT USED PRODUCED DRUN OFF  NXYGFN . =
e "0 XY ERROR ERROR™) § -
FORMAT OUT weccecmmmcmareceessserrarrssetneson e o omenccea”

B T R T L

L T P e Y L T T

FORMAT OUT FOS(2A%, X1, 2A5, X2,15,10,Xa, 56,2074
WRITE(LINE, F00) s VRITE(LINF,FO133
VRITE(LINE FO2:2

e WRITESLINF,F23)3
- WRITECLINE,F24)3
Ziwa tabel+—

T Haysjuquassa - MASSE;
= - by .oy - e — -
,uoaamy 59 - MASSCL2 MASSA - MASSE:

READ\CARD», F11, SN1, SN2, 'I"\lln TN2, ID,MASSE,MASSB» HASSA) CVONE S
MASSO 3w MASSB = MASSA}

EPCT 8» MASSO/MASSU*100;
- TPCT 8w 39173 -- .
: ERROR_iw= ABSCTPCT = EPCT)S
_PCTERROR. l-,tRRORI'rPC'I"lOOt o
VRITESL[NEAFO TN 1, TNZ2, SN, SN2, 1D
MASSCL2,MASSO, EPCT, TPCT, ERRORS
—~ 00 TO STAHT:

"END mMﬂ&._M
ba’ vancallh nawe. 7

MASSBs MASSAs MASSUs_

ALGOL program showing key features. _
KEYS O PLAt

Input_inatructions. The-worl - GET iA irvquenily daid in PL/L projrams for

input instructions. READ 1a alsu useds

Pti1 Prnctenlng lnatructions. As 1n FORTRAN, processing insteuctions are usually
""" in the form of an cquativn, like o
o Fmallyr,r look at the addition program written in : MLePARTI + PARTE 7
. Like other | PLA ko the ue t yer ldm (
the PL/1 language: Eive b i, 1 an e e e s s s ert

jure the instructions below, pottag huw I’L/I dliffers frum the others,

BASIC.._  Xmym0 } " Buach of thewe inoatructivns reautts

— s - FONTRAN ~ Xe¥e0 In asslgning the value-o e buth -
7%ADDITION AGAIN, FOR THE LAST TIMES/ ALGOL Xe=Yse0 |:tn:|:ul:|'l||:‘:‘u‘x wd v (Note the

pL X Y20 cumma in PL7L)

STMT‘ GET L ! ST ‘N l ’ NQ) ‘ Ol ggg instructiuna.  PUT in_used In many PL/lpmurumn lur wlpun m;n::
:?J;Atl;-r": T;T:LQ;, ‘words are alau used, wuch an VAITE.
GO TO START;

Programmer remarkR. Theae spe Inlcnul Inluun aluahen aml anterinka:
79THIS 13 A TYPICAL PL/1 COMMENTe/

| ENDj S feTMIS 18 A TYPIGAL PL7D ©OM
" Line aumbora. Ak In ALGOL, lines-of-PLA programe are lahelivd with o word
L Tollowed by 0 coleai for exampte, A7000 and HEREZs are typleal labels,
Addition program'in PL/1. / Low, (nateuctions. The fotlimelng wirde 2ro ot 16 furm Toopd in PLA:
- : D0seoEND
\ DO+ aT0asBYo e ENO
P0es o WHILRe+ « END
Vurlahle nimes. Mmu wrnlnnn of PL/ 1'aw Rames op 0 31 churdctera,
Note the programmer’s remarks set off -by Yaclsble mames: -

Other kegm, Look lur _the words DICLMI and BCL. 1n DL/ programa.-Alsu

slashes and astensks(/*) Toui Far many I nctoailon markn (BUch a8 semicalonal ut the ends of PL/
instructinns. R

P, _

ERIC
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Look at the segment of a PL/1 program below.
How quickly could you identify it using the key to
PL/1 listed on the previous page?

e e PRO( OPTIONS
DBCLMG ey )y DAIUH'
FIXED (8,8), SUM XSQ FIXED (12,4),

SWITCH_=_ END_UP:.
e = G0 _TO CALC WRITE3:
68T -~ segppual o END3
ada” ", FILE (DATA) LIST (DATU)} .
NEXT SAMPLE: /$INITIALIZE AND EXECUTE THE DO GROUP aﬁ;ov FOP
R EACH ﬁtﬁ sanpu-: %7 .
mull;pfs valt i 7% CODE=SAMPLE-CODE PREFIX #7
“oe/y .

: T o o} — =
ek _—§

-~ ———.—DECLARE MEAN FIXED (4,2, ST DEV FIXED (5,2}

STANDARD DEVIATION FOR EACH DATA SAMPLF#/
(MAIN)3

2C(CODE CHAR (2), X FIXED €(a,2)), SIMX
CXMAX, XMIN) FIXED
€a,2), OLD _CODE_CHAR (3). N_FIXED ¢4), DATA FILE,

_ . SWITCH_LABEL INITIAL (NEXT SAMPLE)}
ON ENDFILE (DATA) BEGIN}

SUMXa SUM_XS@» N =03
DO WHILE (CODE = OLD CODE)} ,+DO_GROUP WILL I1TERATE_ u&:lt.v
/%A NEW SAMPLE 1S ENCOUNTERED#*/

mmx"n. y

ELSE IF X > XMAX .

-GET:"FILE. (DATA) LIST (DATUM):

END3 /% END OF DO GROUP #*/ e
/% SUBRTN. TO OBTAIN MEAN & STAND. DEV.» THEN PRINTs/

davrz bl = ~ MEAN = SUMX/N3
PUT LIST (°*CODE: °‘»

o ' MAXT *,XMAX,'

"sur " sadpal _. ST DEvs__'_  MEAN3

L e —— SVWITCHS
END_UP1 LIST ('END QF

DEV = SGRT ((SUH XSO-N*MEAN*%2)/(N=1))3

___END3 /*END OF PROGRAM */ S

OLD CODE, ‘' _SAMPLE SIZE® °*,N,_
MINT °, XMIN,°* STeDEVIATION: °,
*s MEAN) SKIP (2)3

DATA') SKIP (S)3

PL/1 program showing key features.

A FLOW CHART,FOR LANGUAGE

IDENTIFICATION

At this pomt yon may c: somewhat confused; espe-

cially if this is your first experience with cdmpﬁter

programming languages: You might be asking yourself

questions hke how can l tell the dlfference between
ments? Or; what if all the lines .n a program are num-
bered? The program can be BASIC; but it also can be
FORTRAN!

_ To help summarize all the information you
have read so far, try to fill out the flow chart on page

ovals (CD) are meant to contam the name of one of
the four languages: BASIC, FORTRAN1 ALGOL, or
PL/l Refer back to the keys for each language if you
want to. Then check your answers with those shown
on page 195.

PRACTICE RECOGNIZING LANGUAGES

Now practice your skill at recognizing languages by '
correctly labelling each of the followmg eight_pro-
grams. Use the flow chart on page 195 to help you.

20§

ERIC
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‘s
\ Which set
Y - of statements
' - apphos? .
\
\\
|
!
\

i
Y
No punctuation marks i. .3 Somicolon or comma may. occur
at Eiiﬂiathﬁéi; words at end of outpit_inafruction;
words FOR, NEXT, DIM used

names in processing _
statements restricted to single

letier or letier_followed by a
digit (like A, B3)

up to 8ix characiers long
{like RESULT)

APPENDIX | ~
<
SIMPLE FLOWCHART FOR IDENTIFYING SASIC: FORTHAN, ALGOL AND PL74 PROGRAMS ;
(Slihfi}bro) s
"
j
e
i‘ - ' j ) 1
(c (REM) : {COPMENT) *.07)
O CoOCO ( )
|
—_— | = -
<. I8 LET used?
/\ _ /angiage -
Are. T ¥ could stillbe =
line labals _BASIC--need more info R
like **START:" -’
| used?
‘i Do many lines end with
j A punctuation mark
\ {many semicolons)?

207
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SIMPLE FLOWCHART FOR IDENTIFYING BASIC. FORTRAN. ALGOL AND PL/1 PROGRAS

yes

(S(S?Liiéié)

Are
there
programmer

_remarks in
. _the program? .

v

v

T Vo

(REM] ~ (COMMENT)

i (cj , ,
(FORTRAN ) C

_ Which set
- of statements -
.. applies?

(/7°..°7} .
asc ) (awor ) ( mn

no

i

i

' processing stataments can be

&nmnci,q;iiﬁ m;;L;j. .3
i d!

up to six characters long
(like RESULT)

Semicolon or comma may occur
at end of output instruction:
words FOR, NEXT. DIM used:
names in processing
statements restricted 1o single
letter or letter followed by a

o _ / Langaage
2N\ could still be
i BAS!C--need more info.

digit (like A, B3)

v

195
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As is evrden. from the flow chart there are actually :

very fEW items within the program which youﬁsl}opld

have to check before determining which language is
being used: '

A Word of Cautmn When you identify lan-
guages of programs outside of this bouk, it is
possible that the flow chart will not enable you

? to 1dentrfy a language rmmedrately Use it to
help you conclude that a language ‘‘looks like
FORTRAN,” or “appears to be ALGOL,” but
go back and check the keys before making any
defmrte conclusions: There are many program-

APPENDIX |

mon eiemeﬁt§ between any two. 1 a language

are it can be translated into FORTRAN by a

programmer wrthout too much trouble Keep in

used on a Hewlett—Packard computer is not

exactly the sameas the BASIC used on Control .

Data Corporation computers So, even if you
aré positive that a certain program is wntten in

BASIC; let an experienced programmer look at -

it to determine what changes (if any) must be
made so the program will run on your com-
puter system

S ming languages, and usually you can find com-

M : i
) (Language)
BEGIN
COMMENT OXYGEN C(PERCENT OF OXYGEN IN POTASSIUM. CKLORATE) PROGRAM;
REAL MAssgiﬂessB.MASSA.MASSU.MASSCLE.MASSO»EPCT»TPCT.FRROR.
. PCTERRORS
INTEGER Ios
ALPHA SN1aSN2aTN1> TN2S .
LABEL START>DONES .. . -
FILE CARDCKIND= READER, MAXRECS1ZE=14)5 !
LlNE(KxND-PRINTER;MAXRECSIZEiééii
° FORMAT EII(Q(ES) nKSoJSoSiXQ;’ﬁLQ))L __ o .
FORMAT FO 1 (X325 "MASS: OF. CR+CO'JER.__CR+COVER MASS OF MASS OF"
— o "  MASS OF EXPER. - THEOR')} . I
FORMAT FO2(X24, "RUN EMPTY cn., +KCLO3 = +KCLO3 KCLO3
"  HKCLO2 __ OXYGEN % OF * OF “
R e “PERCENTAGE"™)3 _ . _ B .
FORMAT FOO(XA455 "PERCENT OF_OXYGEN IN_POTASSIUM_CHLORATE"//)>3_
FORMAT FO3('"TEACHER STUDENT 1D + COVER.. _BEFORE MT "
"AFTER HT _USED PRODUCED DRUN OFF  OXYGEN i
S "OXYGEN £RROR ERROR")} S
FORMAT OUT Foac* cemmtesccmsccscccccccaccaciamat
L) _-----_---___-_________-_-----_--____-_-_‘__-‘-_--
Hascacsceseersoranrtsaneeanannaee=’y)3,
FORMAT OUT FOS(2A5,X1,2A5,%X2,15,10:X85F652)7)3
: WRITE(LINE,F00); WRITE(LINE,FO1.3 -
WRITE(LINE,FO2)3
WRITECLINE,FD3)3
: WRITECLINERFDAdS . _ . __ . _._.
STARTT ° READ\CARD:FI!:SN!.SNE.TNI:TNQ.IDvMASSFnMASSB.MASSA)[DO"!)S
: MASSU t®= MASSB - -MASSEj}
MASSCL2 t= MASSA - MASSES
MASSO t= MASSB_=- MASSAJ
. EPCT t® iASSO/MASSU#100} .
TPCT = “9a173 .
ERROR i& ABS(TPCT -~ EPCT)3
~ PCTERROR 3= ERROR/TPCT#100j
WRI TEC(L INE» FOS» TN lvTNav §Ni1, §N2,1D, MASSE»MASSB, MASSA)HASSU;
MASSCLavMASSDvLPCT.TPCT.ERROR.PCTERROR)}
. _G0 TO START}
DONE: ENDs

ERIC

Aruitoxt provided by Eic:
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@ -

(Language)

50 PRINT °‘THIS PROGRAM SHOWS HOW A PIECE OF CAPITAL souxpnsur' ‘
70  PRINT - 'DEPRECLATES_ACCORDING TO THREE COMMONLY _USED. ‘DEPRECIATION®
80 PRINT °METHODS: STRAIGHT LINE, SUM OF THE DIGITS, AND DOUBLE®
90 PRINT ‘*DECLINING.' .

120 PRINT 'ORIGINAL COST'} . C

130 INPUT C. ' - ’ :

140 PRINT °LIFE OF ITEM'}

1s0° INPUT L -
160 PRINT °® SCRAP VALUE'}
170 INPUT S

180 PRINT

190 PRINT *YEAR', "STRAIGHT s *SUM OF*, *DOUBLE’
200 PRINT * *s°' LINE®, *DIGITS®, "DECLINING'

230 LET Dl=u/L .

240 LET Y=((L+1772>%L
250 'LET ZsL-

260 FOR X=1 TO L
270 LET D2-V!(ZIY)
280 LET Z=Z-1 ’
290 LET D3=2#*C/L
300 LET. CeC~-D3

4 310 .PRINT X°

312 LET @=DI

. 314 GOSUB 400

316 LET Q=D2_

318 GOSUB 400

320 LET Q=D3

322 GOSUB 400

325 PRINT
330 NEXT X
350 STQP.

400 LET_Q=INT (@#10077/100
430 IF G>100 THEN 440

430 PRINT * '3 .
440 1F ©>10 THEN 460 ,

. as0 PRINT * '3
460 PRINT '$°Qs
490 -RETURN

999 “END

Q

ERIC

Aruitoxt provided by Eic:
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)
_(Language) ' ' i ) -

Cc PAYROLL PROGRAM =
c READ EMPLOYEES 1D» HOURS WORKED AND PAY RATES
10 READ (5,20) EMPID» HRS» RATEj5 ORATE ;
20 - FOF“”ET' (2F5.052F5.2)
IF CEMPID <EQ. _77777.0) GO T0 60

IF CHRS sGTs 40:0> GO TO SO
‘COMPUTE WEEKLY PAY

o

_ PAY = RATE * HRS .~
C . CONVERT EMPLOYEES 1D TO FIXED POINT FOR PRINTONT
30 IEMPID = EMPID _ : . '
c PRINT EMPLOYEES ID AND WAGES
WRITE (6,40) IEMPID» PAY o
40  FORMAT (12H1EMPLOYEE ID, ISs7H PAY, FB¢2) -
- GO TO 10 . . .
, N COMPUTE OVERTIME PAY
! { 50 A = ORATE ¥ (HRS = 40.0)
c . COMPUTE BASE PAY
. 'B = 'RATE * 4()00 .
c COMPUTE TOTAL WAGES
PAY = A + B
. G0_T0 30
60  STIOP
. END

/*THIS IS THE FIRST SEGMENT OF THE 'OMIONS' PROGRAM FROM NOs CAROLINA®/
- /*EDUC. TOMPUTING SERVICE*/:
o START: GET LIST (SACKS)3 '

IF SACKS <=8 THEN G0 TO FINISHI

IF SACKS>S088B THEN PUT LIST :

__ ('YOU DO NOT HAVE THE RESOURCES T0 PRODUCE®» SACKS, *SACKS *)
IF sncxs:snnnb THEN PUT LIST .
-, C'OF ONIONS. TRY PRODUCING A SMALLER QUANTITY: ">3

IF SACKS>SP®PDP 1THEN GO TO STARTS

LOGI=iD**.681#*DISPIN**1.313
ZLOG3=12%#1 134+ 01234 (TY~1924))%C0 ST#=s 51 24VAGES &=1. 21
UNHARV= 10%%¢ 1 33 WEAL TH*#2: 4% ( SACKS#* 00 1) #%2,56;

QUANDs= SACKS=UNHARYS

PRICESLOG1*{QUAND#.BB1)%%=-2.27%.81}

QUANM=EXP (LOG(1/LOG37LOGi%*%¢354)/-1.7355)3

LOG2=~1+27%L0G1 *QUANM#%*.33/<1.63

QUANM= GUANM* 18283
COSTP=LOG2#( QUAND# « D813 #%-2: 6%+ 815

PROF=QUAND*(PRICE-COSTP) }

TOREV=QUAND#*PRICE3

1F_PROF>=0 THEN GO TO OUTPUT) e

PUT LIST C*UNFORTUNATELY, EVE "JSH_YOU..SOLD’; OIIAND, °*SACKS OF*); .
PUT L1ST C'ONIONS, YOUR FIXED L 5 WERE HIGH ENOUGH TO CAWSE YOU');
PUT LIST ('TO SUFFER A LOSS: T AGAIN, BUT TRY TO PRODUCE 'MORE. *);

80_TO START‘ ;-__‘ B e S

. Lpn— —
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(Language)
GAasl
= = =-m
BEGIN g
COMMENT GAS1 (UOLUME OCCUPIED BY A MOLE OF GAS) PROGRAM ;
REAL . ' WsV>MOLESMG; CALCMU, MOLES» ERRO RS ,
INTEGER - 1D3 ;
ALPHA . SN1,SN2,TN1, TN23
LABEL START,DONES .___
FILE CARD (KIND-READER:MRXRECSIZE-lh)z.
FILE LINE (KIND=PRINTER,MAXRECSIZE=22)3}
FORMAT FI1 (4CAS)5X5, 15,2(F10+5));
FORMAT -FO :
FORMAT - FO2 (X46,"WLUME OCCUPIED BY A MOLE OF GAS'"7);
FORMAT FO3. (X333 "RUN">X&5 "WEIGHT "> X9 “UOLUME"> X9, “MOLES", X105
o “CALC.+'»X25,"PERCENT");
FORMAT FO4 (X7, “TEACHER",X8, "STUDENT">X45 " ID"s X93 "MG"5 X12»
"GAS"> X135 "MG"5 1 35 "MV""5 X125 "MOLS">X 115 "ERROR");
FORMAT
FORMAT FO6 (2(X5,2A5,X2,15,X3,4(F10. 5.x5>.gla.5.x5.rs.a/>.
WRITE (LINE, FOD)¥ -— = = ok
WRITE (LINE> F02);
WRITE (LINE, F03);
WRITE (LINE, F04)3
o WRITE (LINE, FOS); . )
START: READ (CARD:FII:SNI:SNZ:TN!:TNZ:ID:V:V) [(DONE) 3
MOLESMG t= W/24:33
CALCMV 1as U/MOLESMG}
) ‘MOLES c- _MOLESMG#*6.020 +23; __
ERROR 3= (22.4-CALCMU)*100722:4; S
WRITE (L INE: FO6, TN IITNEJ SN1,SN2,IDsWs UsMOLESMG, CALCMY,
MOLES, ERROR): :
GO TO STARTS
DONEs END. -

Y
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€ THE SuM OF TWO NHMr RS
- Bﬁﬁﬁ (2,3 1, J
) 3 FORMAT (2111)
‘ € LIST THE INPUT . . >
o WRITE (3,20) 1,J S .
”ZQ”FORMAT C1X» G6HINPUT » 2I11)
€ FIND AND OUTPUT THE SUM E
K=i+d
) WRITE ¢3»16) K
16 FORMAT (1X»1I11)
STOP -
END

) S
(Language)

' 10 REM, OVERTONE. SERIES GENERATOR ©  — -
) ' 20 PRINT "HOW MANY OVERTONES DO YOU WHNT“S
Co 30 INPUT T ] )
40 PRINT "WHAT IS THE FUNDAMENTAL FREQUENCY"i
so INPUT F |
60 EB!NT N

70 PRINT "OVERTONE", *“FREQUENCY"» "RATIO"™

80 FOR I=} TO T

90 LET HaF#l

100 LET R=1

110 IF R<=2 THEN 140

120 LET R =R/2

‘130 GO TO 110

140. PRINT 1,H,R

150 NEXT I

160 PRINT

170 END
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CY .
(Language) ..;

C71A32 PROCEDURE OPTIONS (HA!N))
: DECLARE 1 CARDIN, | o ,
2 CODE CHARACTER (1),

2 ITEM CHARACTER (8),
2 QTY PICTURE *ZZZ9°*
. o __2 REST CHARACTER (67)} o
/* DECLABRATION_FOR STOCK FILE AND STOCK RECORD */ )
LINCLUDE F71SFaF71SR} _ o , .
DECLARE LOSS FIXED DECIMAL (10.2)3 .
DECLARE PAGE NO FIXED DEGIMAL INITIAL €03

o

/* HEADING AND PAGE CONTROL »/

OPEN FILE (EXCP) PRINT PAGESIZE (S0);

ON ENDPAGE (EXCP) BEGIN3 __
PAGE_NO = PAGE NO _+_ 13 ___ ___
PUT FILE (EXCP) PAGE.LINE ¢3> . . . _ __
EDIT ¢ °PAGE's PAGE NOjp 'EXCEPTIONAL ADJUSTMENTS')
(XC10),AC4), F(5)»X(20),A025))3
PUT FILE CEXCP) LINE (6)_ S
EDIT ('ITEM NO°*, *DESCRIPTION®, UALUE®, "TYPE")
. CCOLC10),AC10),COLC25),AC12),COLC5A),2 AC10))}
_ENDZ -
7% PRINT HEADINGS FOR FIRST PAGE %/
SIGNAL ENDPAGE (EXCP)}

S!T uP ERROR CONTROI. */

N
*

IF _ONCODE>49 -ZONCODE< 58] ONCO DE> 599 Z0ONCODE< 630 1ONCO DE-é

THEN DO}
WRITE FILE (ERRORS) FROM (CARDIN)} . o
GO TO READCARD; . .
-END3

DISPLAY (CODENITEMIHQTYIONCODE)3
END3}
7% SET UP NOGRMAL TERMINATION CONTROL#*/

ON ENDFILE (INFILE) GO TO FINIS3
/% MAIN UPDATING LOOP */
READCARDS READ INTO (CARDIN)_FILE CINFILE)}
READ_FILE (STGCK) INTO CSTREC) KEY CITEM)}
__1F _CODE = *A*' THEN .
/% ADJUSTMENTS TO STOCK LEVEL »/

DO3
LOSS = (SQTY~QTY) *_SPRICE;_ .
IF LOSS>1000 THEN CALL XCEPT (LOSS, *S*)3
5 SQTY = QTY3 __ .
: REWRITE FILE (STOCK) FROM (STREC) KEY (ITEH))
D3 GO TO READCARD;

7% DELETIONS »/ °

- _IF CODE ;=°D* THEN SIGNAL ERROR} 7#%* ILLEGAL CODE #/
LOSS = SQTY * SPRICE;. '
IF LOSS> 1000 THEN CALL XCEPT (LOSS, %0°);
DEtETE FILE (STOCK) KEY <xrsm35
o GO_TO_READCARD} -
XCEPT3 PROCEDURE (L,TYPE)S '
DECLARE L_FIXED DECIMAL __( 105 2),
L TYPE CHARACTER (1)3
PUT FILE C(EXCP) SKIP.
EDIT :érsu.sossc.u;?vpij _

- OLC105,AC8),C0LC25),AC25),FC12,2), XC3)sAC1D} 3
D XCEPTS COLC25),AC25), F(12,2),X(3)»AC1)3
. /% NORMAL TERMINATION #*/ o
FINIS: _PUT FILE (EXCP) SKIP (2) LISTC'END OF J9B"):

/% IF NOT KEY OR CONVERSION ERROR THEN DISPLAY INPUT AND END JOB%/

END C71A38 ___ __ -

AL
|
N

&y P >
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. Answers __ _
(1) ALGOL
(2) BASIC
(3) FORTRAN
(4. PL/

u

ta

¥

(5)
(6)
)
@)

<1

|ALGOL

FORTRAN
BASIC
PL/1

-~

J
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Instructional Umts .

SOME PRIMARY SOURCES OF GOMPUTER-
BASED INSTRUCTIONAL UNITS

-V_gm

’h,) .

. 333 LOgue Avenue

., 710 S. W: Seco

Dartmouth Secondary School Project
Kiewit Computation Center

Dartmouth College” - .
Hanover, New Hampshire | 03755 -
Computing and Mathematics Curriculum’ Prolect
University of Denver °_

Denver Park, Colorado 802 l 0

Computer Curriculum PrOJect
Hewlett-Packard Compaiy

Mountain View; California 94040
(lncludes Project Solo materlal)

Dymax

Peop'le s Computer Company

P: 6 Box 316

Menlo Park; €alifornia 94025

Computer Technology Program,

Northwest Regional Educational Eaboratory
d Avenue

Portland; Oregon, 97204

Digital Equipmen} Corporation

146 Main Street t&.

Mayhard Massaéﬁ

setts 0754
Project Solo

University of Pittsburgh
Pittsburgh, Pennsylvania 15213

:Educational Technology Publlcatrons

140 Sylvan Ave. =~ -
Englewood Cliffs; New Jersey 07632
TIES .
1925 West County Road BZ
Roseville, Minnesota 55113

MECC

2520 Broadway Drrve o
Lauderdale, Minnesota 55113

1:

Data Processing Curricutum Group

Science Research Assocrates Inc:
259 East Erie Street

" Chicago, lllmors 60611

13.

14.

16.

North Carolina Educational Computing Service
Research Triangle Park, North Carolma 27709
Tecmca/REACT

Tecnica Education Corporation
1864 South State Street

Salt Lake City; Utah 84115

Data General Corporation = _
Southboro; Massachusetts 01772
Education Center - _
Honeywell Information Systems,_ lnc
110 Cedar Street

Wellesley Hills, Massachusetts 02181
Compiter Curriculum Corporation
1032 Elwell Coturt

Suite 106 '

Pilo Alto, Calrforma 94303

Coast Commumty College District
Office of Educational Development
1370 Adams Averive

Costa Mesa, California 92626

,,,,,,,,,,,, .

P

-

Florida State University

Computer-Assisted Instruction Center

" Tully Building

Tallahassee, Florida 32306  ~

-

~ In addition, see:

216

Anasja..ra C. WarggJ 7Eclrtor i

The Instructional Media Laboratory
Thé University of Wisconsin-Milwaukee
PO.Box413.
Milwaukee, Wisconsin 53201
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Alde, teacher’s, computer as. 65-72, 108-186
Alexander, Murray, 173~
ALGOL, 19, 188, 191-192, 193, 191-196
AMAZIN, 69, 71

B Amerlcan Institutes for-Research; 32 109

Anaiysis, data, see Data analysis

Analyzing Crime unit, 43

ANIMAL, 134, 138, 139

APL, 19, 188

Art education;, computers in, 112-115 i
Author languages, 18, 19-21, 126 = _ .

-Autormobiie and Air Poiluation onit, 47, 52 -

Auxiiiary storage devices, 2, 3, 4, 5, 7,
. 14,29, 30

° B
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BALPLAY, 100, 101-102
BANK, 51, 96,97 .

BASIC, 16, 18, 21, 22-29, 17 117 128 129 143
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advantages, 8 .
comparison with interactive mode. 7-9
disadvantages, 8
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Borry, Linda, “article by, 152-156
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Brown, Dean, 121, 122, 127
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_ the, 116-120
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BUZZWORD, 134; 136

C

CALC,20

Caiculator, computer as, 61-62

Card reader, 166 _ .

Career information System, 66 67-68

Cathode ray tube, see Video display terminal
Central Processing Unit, see Computers
CHARGE, 166, 168 = = __ __ __ _
Cincinnati Instructionai Management System, 72
CIVIL, 96, 98

COBOL 18, 188

n

* Comments in _program, 23

Communication with compulers, see Computers.
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Cumpiter-assisted instruction, 34 121- 124 SN
170, 176 5y

Computer Based Resource Unit, 86 :

Computer Curriculum Corporation; 127 oo

Computer Generatéd Individualized Program

Sets, 72

oo
tmad |

Computer literacy courses, 63, 64, 130

* Computer-managed instruction, §9, 72, -

~F

___ 160-161;.170. __

Computer Science cburses, 64
Computers, 2, 3, 4, 5, 7, 30

as object of instruction, 63-85, 116117
on with, 5-9 _

batch: processing mode; 5; 6-7
comparison of modes for, 7-9

connecting terminals to 2
figuring time and .cost of using, 100, 103
instructional uses of, 31-72; 109-186
largs, 13, 20, 21 .

loading programs into, 15-16 23 24
size of, 12-14, 30

software system of; 3, 4, 14

types of, 12-14_

versatility_of, 32

Control Data Corporation, 21

Control Instructions, 25-27
Conversallonal language, 18

COPIlof; 123

Counseling, 65 .

Coupler, telephone, 12

Coursewriter, 20 -

CPU, see Computers

CRIMEX; 57, 91,92 = _

CRT, see Video dlsplay terminal

5

Dartmouth College. 18
Data analysis, computers anc, 39, 41-44, 45,
80-81, 114, 119, 133, 134, 136, 143, 149,
154-155, 158-159, 165-166, 173, 178, 180-181, -
.._._184-185 =
Data ‘processing courses, 63-65_
Deaf, instruction for the, compulers end 121-125
DECAL, 21
DECF.Y2, 59, 173
Difficuity level, instructional units, 80
Digital Equipment Corporation, 21, 56; B2, 84; 90, 96,
173, 174, 178
Dlék drive, 2, 14:
DONE, 25
Driil programs, 34-36
art_aducation and; 113_ __
business education and; 117-118
elementary school and, 126-128
hearing handicapped and, 122
ianguage arts and, 133, 134
mathematics and, 141, 147
music and; 152-153 =
physical education and, 157
science and, 182-163, 170-171
_ social studles and, 176-177, 180
DFIVE, 119

E

Educational Sysinms Research Project, 181

ELECT, 56, 177

Elementary school, computers in the, °126:133,
142-143
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"Endless loop.” 26 computer-assisted, 64 121-124; 170; 118

English ciirriculum, computora ln the. 133-139 computer-managed, 69, 72, 160-181,.170

Errors, typing, 30 ~___object of, computers as, 63-85, 118-117
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materlals; 74-105 ] Instructlonal _unlts, computer-based

" difficulty level, 80
enhancement of instruction with; 90

: F evaiuation of, 74-105
hardware and, 77-79
FACTRI;45-46,48,49 . language and, 79, 188-202
FORTRAN, 17-18, 19 188 1430' 191, 193, 194-196 model_approprlateness, 80-87
FRADEC, 52 ) objectives, 79
Friedland, James, artlcle by, 162-*69 optlons for classroom use, 100

selection of, 74-10%
_ sources -of, 76; 203

.

G ‘strategy, 79-80 -
" "student-proof” design of 90—93

Gamos. computers and, 51 47 55-60. 113 119 support materials, 87 - -

139, 133, 134, 136-138, 139, 143, 150, 160, time and cost of using, 100, 103
173-174, 181, 185 user-orientation of, 93-99

Genoral-purpose languages, see Languages variables controllablo by user. 100

Ganeral Turtls, Inc, 21 .. 'varlety of, 76

GENET, 55, 80 Instructions -~ -

Gienn, Allen D., article by, 176-182 control, 25-27

Guidance, 85 end, 23

Guldance Information System, 65-66 R input; 22; 24, 27

‘ output, 23; 27
. . process, 23 i
H Instructor, computer as, @-39
Instructor’s aide, computer as, 65-72 109-186

HANGIT, 119. . Interactive Dialogue Facllity (IDF);_20-21

Hard of hearing, Instruction for the, computers Interactive mode (communlcatlon). 5-6
and, 121-125 advantages, 8.

Hardware, 2-3 comparigon with batch processlng mode, 7-9
defined; 2 _ : ‘ - disadvantages, 8 . .
essentials of, 1-30 : input/output devices for, 10-12
maln pleces of, 2 = S ' program characteristics, 7
gelection of instructional unlts and 77-79

HARDY, 163, 164 - J

Hazeltine Company, 21
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and, 121-125... _ John Abbott Coliege (Quebec), 71

Hewlett-Packard, 20 37 33 53 117 119, 122,
127, 1861, 173, 174 ) ; ) K

Hide-and-seek games, 47, 54

- : Holznage] Donald; article by, 126-132

. HUMRRO,; 76 . Keepes; Bruce D.; article by, 121-125 _
Huntington Two Computer Pro]ect 42; 46 Kiassen, Danlel J;. articte by, 109-111
Hypothesis-testing exercises, 43 - Kline, Morris, 146, 147, 148 __ _ .

Koetke, Walter, article by, 140-133
LT | -
IBM, 19, 20 R
IDF, sue Interactive Dialogue Facility
IF-THEN control instructions, 26-27 " Laboratory. computer as, 39-60 -
tliinois, University of, 21,128 __ __ - Language arts, computers in the, 133-139
_Index to.Computer Based Learning; 76, 203 ) Languages ___ _.
* Information author, 18, 19-21, 128
rétrieval of, 65-66, 160 business, 187. . . o
____storage of, 65-68 . conversational, 18
lnput 22 C general-purpoaa. 18-19
Input Inslruct!on. 22 24 27 ’ b o recognizin: ; 79, 188-202
Input/output devices, 2, 3, 4, 7,-30 - ~ " machine; 16; 17_
art curriculum and, 112-113 ) o programming, 18-21 .
batch mode, 9-10 . ) p sclentific, 19 A
connecting 1o computers, 12 . nght pens, 11, 113
:__._. interactive mode, 10-12 . Line numbers, 23
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Listings, program, 18, 17, 28

LOGO, 19, 21, 128, 129, 188
Luehrmann, Arthur, 140

MEDLIB 134, ° 136-137

Magnetic tape drive, 14

MARKET; 181

MASPAR, 181 I

Materlal-generation programs, 88 89 -

Mathematics, computers and, 47, 127, 140- 151

McGrath, Joseph U., article by, 178-182

McLuhan; Marshali, 180

Mlcrocompnters%Js 14; 20, 64, 109

Minlcomputers, 13, 14, 20, 21, 109

Minnesota Council on Quality Education, 127

Minnesota Educational Computing
Consortium, 38, 39, 40 51, 65, 70, 71
__95, 96, 98 -

M TRE. Corporutlon. 21 .

Music educatlon. computers in, 152-158

Music generatora. 21

N

Nationai Sclence Foundation, 21, 128
Newman; James; 148
Northwast Regional Educational taboratory. 57

5

Objectot Inatruction; computers as. 63-65
- 18117
Output, 22, 23

Output Instruction, 23, 27

p .

Papert . Seymour; 141,142

Paulson, Jerry; article by 183-186 _
Packham, Herbert D, article by, 170-175
Pens, light, 11, 113

Physical education, computers in, 157-181
Physical equipment, see Hardware

- Plaget, Jean; 145

PILOT, 20, 128, 129
PLATO, 21,128 - - . _
PL/1, 19, 188, 192-195

PLANIT, 20
Plotters; 21, 113
POET, 137 ..
Poetry, writing, by compmer. 137-138_
POLICY, 181 '
POLUT, 84-86, 91, 186, 167 174, 177
Practice programs, 34-38
art_education and; 113_ __
business education and; 117-116
elemantary schools and, 1268-128
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language arts and, 133, 134 . -
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science and, 162-183 _
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Printers
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_ . thermal, 11"_

Printout, 25, 26, 27
"dressed up,” 27 28
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142-143, 147-149; 153-154; 157-158; 183,
165, 171-173, 177-178, 180, 184

Process, 22, 23, 24

Process instructions, 23, 27

Program listings; 15, 17. 29

Programming languages; see tanguages

Programs. .
calcutator, 81-82
comments In, 23

1

datannalysla.js _41-44, 45, 80-81; 114;
119, 133, 134, 136,.143,.149, 154-155,
158-159, 185-188, 173, 178, 180-181,
ig4-i86 .
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157, 182-163, 170-171, 176-177, 180, 184
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ﬁ%nal. 29-30 .
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storage of, 29
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student-proof, 90-93

test generator, 89

translator, 4, 17-18 -
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178-177, 180, 184 -

t!pjng errors and, 30
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_See also. Software
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Project SOLO, 37, 63, 93 -
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_tape, 16; 24
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REM, 23, 24 .

Retrleval, information, 65-68, 160
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Teachers, computers as, 34-39
Tecnica.Education Corp., 58, 59, 60, 21, 100, 178
Teletypewriter; 2; 10-11;.12; 23; 113

Terminais, see Input/output devices

Test generator programs, 89

Thermai printer, 11

TICCIT, 21_ _ _ __

Time Share Corporation; 65

Time-sharing Systems, 12, 13-14; .20, 21, 30,

110, 120, 181

Total information for Educational System (TIES)
T 5 I

Transiator programs, 4, 17-18

Transiators, 16-18 __

Tutorlal programs, 36-39, 40
art-education and, 113
business education and, 118
elementary _school; 128 _ _.
hearing handicapped and, 122-123
language arts and, 134, 135
mathematics and, 142, 147
music and, 163
physicel education_and; 157
science. and, 163, 171_ ___ ___
gocial studies and, 176-177, 180
vocational agricuiture and, 184

Turtle, 21, 113

Typing errors, 30

Urban crlme unlt 82, 91 100

User's programs, 3, 4, 14-16 )
lpading into computer, 15-16, 23-24

_.___soarces of, 15

USPOP, 177, 178

| Vv
Vldeo dlsplay termlnal 10 1‘] 13 . .
-Vocational agricuilture, computers in, 183-186"

w
WEATHR 95,96
Wiiliamson, Elizabeth A., articie by, 145-151
Willilamson, John, 149

Wing, Richard L., 129 -
Wirtz, Robert, 147

. Working storage, 2, 4, 5, 13, 14, 29, 30



